A phytophthora root rot of soybeans by Suhovecky, Albert Joseph
A PHYTOPHTHORA ROOT ROT OF SOYBEANS
DISSERTATION
P re se n te d  in  P a r t i a l  F u lf i l lm e n t o f  th e  R equirem ents 
f o r  th e  Degree D octor o f  P h ilosophy  in  th e  
G raduate School o f The Ohio S ta te  
U n iv e rs ity
ALBERT JOSEPH SUHOVECKY, B .S .,  M.A,
The Ohio S ta te  U n iv e rs ity
1955
Approved by:
£3 ^ 2 1 ' A dvise  
Department o f  Botany and P la n t 
P a th o lo  gy
AC KNCWLED GEMENT S
The w riter w i s h e s  t o  th a n k  h i s  a d v is e r s ,
D rs. C, C, A llison and H . C .  Young f o r  t h e i r  in s p i r a t io n  
during  th is  in v e s t ig a t io n .  S in c e re  g r a t i tu d e  to  D rs . A. F. 
Schmitthenner and P a t r i c i a  A l l i s o n  fo r  t h e i r  many su g g e s tio n s .
I  am also  g ratefu l to  D r .  W. D. Gray f o r  h is  c r i t i c i s m  o f th e  
m anuscript. Thanks a r e  d u e  t o  C .  W. E l l e t t  and E. S . H. Wollman 
fo r  th e  photography.
The w riter i s  d e e p l y  in d e b te d  t o  h is  w ife ,  J a c q u e lin e , 





LITERATURE R E V IE W ....................................  2
METHCOS AND M A T E R IA L S ......................... 4
EXPERIMENTAL R E S U L T S ........................  10
Symptoms • • • • • • •  10
I s o la t io n  o f Fungus . • • • • 16
H a b ita t o f Pathogen • • • o • 22
The Pathogen o • • • • • 24
Morphology • • « • • 24
I d e n t i f i c a t io n  • • • • • 24
Growth on d i f f e r e n t  media • . 25
G row th-tem perature r e l a t io n s  • « 25
E f fe c t  o f pH on growth . . .  28
F ie ld  T e s t in  195^- • • • • * 30
Greenhouse E xperim ents on th e  E f f e c t  o f
V arious F a c to rs  on P a th o g e n ic ity  • • 4 l
S o il  typ es • . • . . 4 l
Age o f  p lant • • • • • U6
S o il  tem peratures * • • • 49
Other organism s • • • • 5^
Inoculum c o n c e n tra tio n  • • • 54
i i i
C o n tro l M easures • » 59
R e s is ta n t  v a r i e t i e s  .  .  • • 59
Seed tre a tm e n ts  <> . • • 61
F e r t i l i z e r  a p p l ic a t io n s  . • • 67
Suscept range . . « • • 69
D I S C U S S I O N ....................................................................  70
SUMMARY................................................................................  76
LITERATURE CITED . . . . . .  81
iv
A PffirTOPHTEORA ROOT ROT OF SOT BEANS
INTRODUCTION
A d e stru c tiv e  root rot o f  soybeans was f i r s t  observed
in  Sandusky County in  Northwestern Ohio in  195-'-* d isea se
was reported in  195* by ^he a g r ic u ltu r a l agent in  t h i s  a rea . 
Subsequently, in  the summers o f 1953 and 195^* t h is  root ro t was 
observed in  A lle n , A u g la ize , E r ie , Ottawa, P au ld ing, Putnam, and 
Van Wert C ou n ties, The d isea se  was found gen era lly  d is tr ib u te d  
in  -the old  lake-bed s o i l s ,  such a s  Brookston, C lyde, and Toledo 
s i l t y  c la y s .
In 1953, lo s s e s  in  y ie ld  due to  th is  d ise a se  were 
seriou s in  many soybean f i e l d s .  In 195 -^» bhe d isea se  was 
recognized as o f  extreme economic importance in  Northwestern  
Ohio, On the b a sis  o f h is to r ie s  o f f i e l d  crop d is e a s e s ,  t h i s  
d isea se  w i l l  l ik e ly  be a lim it in g  fa c to r  in  the production o f  
soybeans in  Ohio,
As fa r  as the w riter  i s  aware, t h i s  i s  the f i r s t  
report o f t h is  d is e a s e .
The presen t study was in it ia t e d  to  determine th e  cau sa l 
a g en t, fa c to r s  in flu en c in g  i t s  p a th o g en ic ity , and p o ss ib le  co n tro l 
m easures.
1
REVIEW OF THE LITERATURE
A l i t e r a t u r e  rev iew  o f  Pythium  sp e c ie s  a s  in c i t a n t s  
o f soybean d is e a s e s  i s  in c lu d ed  because th e  fungjis used in  t h i s  
re s e a rc h  was f i r s t  id e n t i f i e d  as  a sp e c ie s  o f  Pythium . The 
in c i ta r r t  was l a t e r  more a c c u ra te ly  i d e n t i f i e d  as  a sp e c ie s  of 
P h y to p h th o ra .  In  th e  l i t e r a t u r e ,  many Fythium s were no t i d e n t i f i e d  
a s  t o  s p e c ie s .  I t  i s  p o s s ib le  th a t  the in v e s t ig a to r s  worked w ith  
P hytoph thora  s p e c ie s .  The means o f  d is t in g u is h in g  th e  2 genera 
a r e  no t to o  d e f in i t e  e s p e c ia l ly  i f  re p ro d u c tiv e  bod ies  a re  not 
r e a d i ly  fo u n d . The taxonomy o f th e  Pythium  and P hytoph thora  
genera i s  la rg e ly  based on m orpho log ical and p h y s io lo g ic a l  c h a r a c te r ­
i s t i c s  and th e  id e n t i f ic a t io n - k e y s  a re  based  on such f a c t o r s  as  
growth on c e r t a in  m edia, ty p e  o f a n th e r id ia ,  c h a ra c te r  o f  sp o ra n g ia , 
te m p era tu re  r e l a t i o n s ,  p a th o g e n ic i ty ,  and developm ent o f  c e r t a in  
ty p e s  o f  re p ro d u c tiv e  o rg a n s . S ince th e se  c h a r a c t e r i s t i c s  a re  
ex trem ely  v a r i a b le ,  s p e c if ic  d i s t i n c t i o n s  w ith in  and between th e  
genera a re  l im ite d .
In  1924* Pythium  debaryanum Hesse was re p o r te d  by Wolf 
and Lehman ( 25 ) as  th e  c a u s a l ag en t o f  a r o o t  r o t  o f  soybeans in  
North C a ro l in a .  Two y e a rs  l a t e r ,  th e se  same a u th o rs  d e sc r ib e d  
th e  symptoms o f th e  d is e a s e  and the morphology o f  th e  fungus ( 13)•  
Pythium  ultim um  Trow and a number o f  o th e r  sp e c ie s  o f Pythium  
were e lim in a te d  as  c a u s a l  organism s on th e  b a s is  th a t  th e y  were 
sap ro p h y te s . S ince t h a t  tim e how ever, P . ultim um  has been re p o r te d  
as  p a r a s i t i c  to  many p la n t  s p e c ie s .
2
3H ildebrand  and Koch (7 )»  in  1952* d e sc r ib e d  a stem  
and ro o t r o t  on a  number o f soybean v a r i e t i e s  caused  by P . u ltim um . 
These in v e s t ig a to r s  were o f  th e  o p in io n  th a t  th e  fUngus d e sc r ib e d  
in  Lehman and W o lf 's  paper ( 13) cou ld  be more a c c u ra te ly  id e n t i f i e d  
a s  P . u ltim um .
A ccording to  Sprague (2 2 ) ,  P . debaryanum was f r e q u e n t ly  
i s o la te d  from  soybean seed in  w e s te rn  N orth D akota. In  1946* 
M cLaughlin (1 8 ) re p o r te d  t h a t  P . debaryanum was th e  c a u s a l  ag en t 
o f a dam ping-off o f  soybeans i n  Oklahoma.
Porter (2 0 ) ,  in  1946* found P . debaryanum as th e cau sa l
organism o f a s o -c a lle d  "baldhead" soybean s e e d lin g s , in  which the 
plumules fa i le d  t o  d evelop .
Many in v e s t ig a to r s  have re p o r te d  u n id e n t i f i e d  sp e c ie s  
o f  Pythium  in  a s s o c ia t io n  w ith  dam ping-off and s e e d lin g  b l ig h t  
o f soybeans ( 2 ,  23 ) .  A ccording to  B retz  (3 )»  In  1944» a sp e c ie s  
o f Pythium  caused  a w i l t in g  and d ry in g  o f  soybean p la n t s .  S pecies
o f  Pythium  were re p o r te d  a s  c a u s a l  a g e n ts  o f  a  ro o t n e c ro s is  o f
soybeans ( 4 ,  1 0 ) . In  1948, Me New (19)» in  Iowa, found a sp e c ie s  
o f  Pythium  a s s o c ia te d  w ith  a  ro o t  and neck r o t  o f soybeans.
K oehler ( l l )  re p o r te d  a Pythium  sp e c ie s  as  re s p o n s ib le  f o r  a ro o t 
and stem r o t .  Ling ( l 6 ) ,  i n  1948, in c lu d ed  a  s p e c ie s  o f ly th iu m  
in  a l i s t  o f  20 fu n g i p a r a s i t i c  to  soybeans i n  C h in a .
•^s f a r  a s  th e  w r i te r  i s  aw are , no sp e c ie s  o f  P hy toph tho ra  
have been re p o r te d  a s  i n c i t a n t s  o f  a ro o t r o t  o f  soybeans.
METHODS AND MATERIALS
Inoculums
Stock c u l tu r e s  o f th e  P hy toph thora  sp e c ie s  were m a in ta in ed  
on y e a s t  e x t r a c t  and co rn  meal a g a rs  a t  20° C.
For i n f e s t a t i o n  o f  th e  s o i l ,  P hy toph tho ra  was in c re a se d  
in  a  l iq u id  medium c o n ta in in g  b ro th  from  100 grams o f p o ta to e s ,
10 grams o f  d e x tro s e ,  and d i s t i l l e d  w a te r t o  make 1 l i t e r .  One 
hundred ml o f  th e  b ro th  in  250 ml Erlenm eyer f la s k s  w ere a u to c la v e d  
f o r  30 m inu tes a t  15 pounds p r e s s u r e .  A sm all p iece  o f  iqycelium 
from s to c k  c u l tu r e s  was t r a n s f e r r e d  t o  each  f l a s k ;  a f t e r  2 weeks 
a t  room te m p e ra tu re , th e  mycelium th a t  developed was m acerated  in  
a W aring b le n d o r f o r  30 seco n d s.
U nless o th e rw ise  s p e c i f ie d ,  100 ml o f  a 2-week o ld  
c u l tu r e  from  p o ta to -d e x tro s e  b ro th  were even ly  d i s t r i b u te d  over 
th e  s o i l  in  each 6 - in c h  p o t .  The c la y  p o ts  had been w ashed, 
th e n  au to c la v e d  fo r  8 hours a t  20 pounds p r e s s u re ,  b e fo re  u s e .
The soybean seeds were p la n te d , th en  covered w ith  ap p ro x im ate ly  
1 inch  o f s o i l .  Checks were t r e a t e d  in  a s im ila r  manner excep t 
t h a t  s t e r i l e  p o ta to -d e x tro s e  b ro th  was u sed .
S o i l s :
W ooster s i l t y  loam was used in  experim en ts  on th e  e f f e c t  
o f  s o i l  te m p era tu re s  on th e  p a th o g e n ic i ty  o f the Phytophthora 
s p e c ie s .  For o th e r  t e s t s ,  s e v e ra l  ty p e s  o f s o i l  were u se d : 
loam -sand (1  p a r t  o f sand and 2 p a r t s  o f  loam ), sand , and Toledo 
s i l t y  c la y  o b ta in ed  from  N orthw estern  Ohio. A l l  s o i l s  were 
au to c la v e d  a t  220° F 0 f o r  8 hours a t  20 pounds p r e s s u re .
u
5Sources o f seed :
The soybean seed s  used in  greenhouse ex p erim en ts  and 
in  th e  d is e a s e  n u rse ry  a t  Oak H arbor, Ohio, were generously  
f u r n is te d  by The Agrononjy D epartm ent, The Ohio S ta te  U n iv e rs ity  
and The N orthern  R egional Soybean L abora to ry  a t  U rbana, I l l i n o i s ,  
r e s p e c t iv e ly .  The seed s  u sed  in  th e  su sc ep t range experim en t were 
su p p lie d  by th e  L iv in g s to n  Seed C o. o f  Columbus, O hio.
Except f o r  th e  s e e d - tre a tm e n ts  and f i e l d  w ork, a l l  soy­
bean seeds were s u r f a c e - 3 te r i l i z e d ,  p r io r  to  p la n t in g ,  in  a  l j l  
s o lu t io n  o f sodium h y p o c h lo r i te .
S o il  te m p e ra tu re s :
A s e r ie s  o f W isconsin -type te m p e ra tu re  ta n k s  ( iJ-j.) were
used  in  experim en ts  on th e  e f f e c t  o f  s o i l  te m p e ra tu re s  on th e
p a th o g e n ic i ty  o f th e  P hy toph thora  s p e c ie s .  S o il  te m p e ra tu re s  w ere 
m ain ta in ed  a t  15° .  25° ,  and 35° 1 i^e c a n i s t e r s  and s o i l  were 
au to c lav e d  f o r  8 hou rs a t  20 pounds p r e s s u re .  One hundred and 
f i f t y  ml o f 2-week o ld  inoculum  in  p o ta to -d e x tro s e  b ro th  were 
added to  each 8 -in c h  c a n i s t e r .  T w en ty -five  seed s  were p la n te d  
in  each  c a n i s t e r .  W ater was added, th ro u g h o u t th e  e x p e rim en t, t o  
m a in ta in  th e  s o i l  in  a m odera te ly  m oist c o n d i t io n .
T reatm ent o f soybean se e d s :
Soybean seeds w ere t r e a te d  in  u n i t s  o f 125* Each u n i t
o f E arlyana  and Harosoy seeds w eighed ap p ro x im ate ly  27 gram s.
The seeds were p la ced  in  ex tra -w ide-m ou th  specim en b o t t l e s  and 
chem icals were a p p lie d  a t  th e  r a t e  o f 2 o z . p e r b u sh e l. The seed s  
were w e ll  co a ted  w ith  th e  chem ica ls  by r o l l i n g  th e  b o t t l e s  f o r
615 m inu tes on a machine s im ila r  to  th e  one d e sc r ib e d  by McCallan ( l7 ) «  
In o c u la tio n  o f soybean tr a n s p la n ts *
Two-week o ld  p la n t s ,  growing in  s t e r i l i z e d  w h ite  q u a r tz  
sand , were c a r e f u l ly  removed and washed th o ro u g h ly  in  ta p  w a te r .
The p la n ts  were in o c u la te d  by im m ersing and s w ir l in g  th e  r o o ts  in  
an  inoculum  susp en sio n  and th e n  t r a n s p la n te d  to  p o ts  o f  s o i l*  The 
rem ainder o f  th e  100 ml p o r t io n  o f  inoculum  was poured on to  th e  
s o i l  i n  each 6- in c h  p o t .
Measurements o f pH*
Measurements o f  pH were made w ith  a  Beckman m e te r, 
model H2. The g ly c in e  b u f fe r  system s used  were th o se  o f  S orensen , 
p rep ared  a c c o rd in g  to  G ortner ( 6 ) .  A pH re a d in g  was made o f each 
sample o f b u ffe re d  co rn  m eal agar b efo re  i t  was poured in to  
P e t r i  p l a t e s .
F e r t i l i z e r  tre a tm e n t*
In  th e  ex p erim en ts  on th e  e f f e c t  o f  f e r t i l i z e r  on the 
p a th o g e n ic ity  o f  th e  P hy tophthora sp e c ie s  to  soybeans, l . lU  and 
2 .2 8  grams o f  0- 20-20  f e r t i l i z e r  were added to  1^ 68 cu b ic  in ch es  
o f  Toledo s i l t y  c l a y .  T his re p re s e n te d  a p p l ic a t io n  r a t e s  o f  200 
and ij.00 pounds p e r  a c r e ,  r e s p e c t iv e ly .  The s o i l  was s i f t e d  s e v e ra l 
tim es  th rough  a - |- in c h  mesh w ire  fo llo w in g  u n ifo rm  sp read in g  o f th e  
f e r t i l i z e r  over th e  su rface*
Growth o f th e  fungus on v a r io u s  media*
Rate o f growth in  d iam ete r o f th e  P hy toph tho ra  c o lo n ie s  
was o b ta in ed  on s e v e ra l  d i f f e r e n t  madia a t  te m p e ra tu re s  ran g in g
7from  6° to  35° C . Sm all p ie c e s  o f  mycelium and a g a r  from  s to c k  
c u l tu r e s  w ere t r a n s f e r r e d  to  -various media in  P e t r i  p l a t e s .  The 
com positions o f th e  d i f f e r e n t  media w ere :
Corn meal agar
d i s t i l l e d  w ate r 1000 ml
y e llo w  co rn  m eal $0 g
ag ar 15 g
M alt ag a r
d i s t i l l e d  w ate r 1000 ml
m alt e x t r a c t  I 5 g
agar 17 g
Y east e x t r a c t  ag a r
d i s t i l l e d  w ate r 1000 ml
y e a s t  e x t r a c t  2 .0  g
sodium n i t r a t e  1*0 g
monobasic po tass iu m
phosphate  1.0  g
magnesium s u l f a te  0 .5  g
tra c e -e le m e n t s to c k
s o lu tio n ?  1 ml
D ifco  p o ta to -d e x tro s e  ag a r
D ifco  n u t r i e n t  a g a r  
The D ifco  a g a rs  w ere p rep a red  acc o rd in g  t o  th e  m a n u fa c tu re r 's  
d i r e c t io n .
a The tra c e -e le m e n t s to c k  s o lu t io n  c o n s is te d  o f :
d i s t i l l e d  w a te r  1000 ml
f e r r i c  ammonium c i t r a t e  0 .9  g
z inc  c h lo r id e  0 .6  g
c u p r ic  c h lo r id e  0*2 g
manganese c h lo r id e  0 .2  g
8A ll media were au to c la v e d  20 m inutes a t  15 pounds p r e s s u re .  
In c re a se  in  th e  d ia m e te rs  o f  th e  fungus c o lo n ie s  p e r  u n i t  o f  tim e 
in  m il l im e te rs  was re c o rd e d . The experim ent was re p e a te d  u s in g  L\. 
r e p l i c a t e s  o f  each  tre a tm e n t*
Soybean d is e a s e  n u rse ry s
In  th e  summer o f  195U» a  soybean d is e a s e  n u rse ry  was 
e s ta b l is h e d  a t  Oak H arbor, Ohio, on Toledo s i l t y  c la y  s o i l .  Every 
soybean p la n t  examined on t h i s  s i t e  in  1953 had symptoms o f  th e  
ro o t  ro t  d is e a s e .  Seven c la s s e s  o f  95 soybean v a r i e t i e s  and 
s t r a i n s  w ere p la n te d  in  a random ized b lo c k  d e s ig n  w ith  2 r e p l i c a ­
t i o n s  o f  J4. d i f f e r e n t  p la n t in g  d a t e s .  The seed s  were sown in  
8- f o o t  row s, 3 f e e t  a p a r t .  Notes on d is e a s e  in c id e n c e  were ta k e n  
on September 2 to  I+.
R ecording o f  d a ta :
In  greenhouse t e s t s ,  h e a lth y  and d ise a se d  soybean seed­
l in g s  were counted  3 weeks a f t e r  th e  seed s  w ere p la n te d .  The 
ro o ts  and stems o f su rv iv in g  p la n ts  were exam ined f o r  i n t e r n a l  
d i s c o lo r a t io n .  P ercen tag e  o f  d ise a se d  p la n ts  was c a lc u la te d  on 
th e  b a s is  o f  th e  number o f  soybean seeds p la n te d . An ad ju stm en t 
f o r  n o n -v ia b le  seed was o b ta in ed  by th e  d if f e r e n c e  betw een the 
number o f  seeds p la n te d  and th e  number o f  se e d lin g s  th a t  emerged 
in  th e  ch ec k s. The number o f  p la n ts  in  th e  pre-em ergence 
dam ping-off phase was th e  d if f e re n c e  between th e  number t h a t  
emerged in  th e  checks and in  th e  in f e s te d  s o i l .  The number o f 
soybean p la n ts  in  th e  post-em ergence phase was th e  d if f e re n c e  
between th e  number t h a t  emerged in  th e  in f e s te d  s o i l  and th e  number
t h a t  su rv iv e d .
In  a l l  t e s t s ,  th e  P hytoph thora  sp e c ie s  was r e - i s o la t e d  
from  d is e a s e d  t i s s u e  fragm en ts which w ere p la te d  on corn  meal a g a r .  
S t a t i s t i c a l  m ethods:
The com plete ran d o m iza tio n  d e s ig n  was used in  a l l  
e x p e rim e n ts . Whenever th e  d a ta  f u l f i l l e d  th e  assum ptions o f the  
a n a ly s i s  o f  v a r ia n c e ,  t e s t s  o f s ig n if ic a n c e  w ere made by th e  F 
t e s t  ( 2 l ) .  To o b ta in  in fo rm a tio n  on s ig n i f i c a n t  d if f e re n c e s  
between in d iv id u a l  m eans, th e  L .S .D . ( l e a s t  s ig n i f i c a n t  d i f f e r e n c e )  
a s  d e sc r ib e d  by Johnson (9 )»  u t i l i z e d .
O rthogonal s e t s  o f  com parisons, a s  d e sc r ib e d  by 
Johnson (9 )»  were used  in  a l l  in s ta n c e s  where a com parison betw een 
two tre a tm e n ts  was d e s i r e d .  In  t h i s  p a p e r , th e  te rm s s ig n i f ic a n t  
and h ig h ly  s ig n i f i c a n t  r e f e r  t o  d if f e r e n c e s  w h ich , due to  t h e i r  
m agnitude, can  be exp ec ted  to  occur by chance a lo n e  in  n o t more 
th a n  5 p e r  cen t and 1 p e r  cen t o f  th e  t r i a l s ,  r e s p e c t iv e ly .
EXPERIMENTAL RESULTS
Symptoms
In  th e  f i e l d ,  a t t e n t i o n  i s  f i r s t  a t t r a c t e d  to  t h i s  
soybean d is e a s e  by th e  p resence  o f s c a t te r e d  groups o f  s tu n te d ,  
w i l t in g ,  and dy ing  p la n ts .  Many sm all soybean s e e d lin g s  a re  d ry ,  
brown, and c o n t r a s t  sh a rp ly  w ith  th e  su rro u n d in g  h e a l th y  p la n ts  
(F ig u re  l ) .  F ig u re  2 i s  th e  g en era l appearance o f a r e p r e s e n ta t iv e  
f i e l d  o f  soybeans in  w hich th e  P hy toph thora  ro o t  r o t  i s  s e v e re .  
P re-em ergence dam ping-o ff and seed  decay , post-em ergence d am p in g -o ff, 
and ro o t r o t t i n g  a s s o c ia te d  w ith  v a ry in g  d eg rees  o f  fo l ia g e  
c h lo ro s is  and w i l t i n g ,  are  3 phases o f  t h i s  d is e a s e .
Pre-em ergence dam ping-off and seed  decay*
Pre-em ergence dam ping-off and seed  decay i s  one phase 
o f  t h i s  soybean d is e a s e .  In  th e  f i e l d ,  la rg e  gaps in  rows o f  
soybeans may be due to  pre-em ergence dam ping-off o r seed  decay .
In  th e  g reenhouse, pre-em ergence dam ping-off i s  e v id e n t by fewer 
se e d lin g s  in  in f e s te d  s o i l  th a n  in  n o n - in fe s te d  s o i l .
Post-em ergence d am p in g -o ff:
The post-em ergence dam ping-off phase o f  th e  d is e a se  
r e s u l t s  in  th e  dea th  o f  s e e d lin g s  befo re  the f i r s t  t r i f o l i a t e  
l e a f  expands. The h y p o co ty l and ro o t system  a re  w ate r-so ak ed  and 
brown. F re q u e n tly , p o r t io n s  o f  th e  emerged co ty led o n s  a re  w a te r-  
soaked and d is c o lo re d  (F ig u re  3)« C o llap se  o f th e  h y p o co ty l i s  
fo llow ed  by d e s ic c a t io n  o f th e  s e e d lin g  in  2 to  1+ d a y s . The 
se e d lin g  sh r in k s  to  an  inconsp icuous brown, s le n d e r  f i la m e n t .  The
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r a p id i ty  o f  d is e a se  developm ent and d e s ic c a t io n  may accoun t fo r  
th e  f a i l u r e  to  reco g n ize  th e  e a r ly  phase o f  th e  d ise a se  in  th e  
f i e l d .  Young, d is e a s e d  s e e d lin g s  a re  b e s t  t o  use  in  i s o l a t i n g  the  
p a th o g en . I f  o ld e r  p la n ts  a re  u se d , c o n s id e ra b le  d i f f i c u l t y  i s  
en coun tered  because o f  the ra p id  growth o f secondary  o rgan ism s, 
e s p e c ia l ly  sp e c ie s  o f  Fusarium .
Root r o t t i n g  and w i l t in g :
Root r o t t i n g  and w i l t in g  a re  symptoms o f  th o s e  p la n ts  
t h a t  su rv iv e  th e  e a r ly  s e e d lin g  s tag es  o f  d is e a s e .  The f i r s t  
symptom i s  marked s tu n t in g  (F ig u re  ij.). W iltin g  and c h lo ro s is  
o f  th e  f o l ia g e  a re  prom inent symptoms a l s o .  W iltin g  may be sudden 
o r pro longed  over a p e rio d  o f 2 to  3 d a y s . P a tch es  o f  y e llo w  
t i s s u e  a re  e v id e n t a t  th e  p e r ip h e ry  o f  th e  le a f  and betw een th e  
v e in s .  G rad u a lly , th e  e n t i r e  l e a f  becomes c h l o r o t i c ,  d ry , and 
b r i t t l e  bu t does no t a b s c is e .  T h is  s e r ie s  o f  e v e n ts  in  th e  ro o t 
r o t t i n g  phase o f  th e  d is e a s e  i s  i l l u s t r a t e d  in  F ig u re s  5 to  7*
A dark-brow n d is c o lo r a t io n  o f  th e  v a s c u la r  t i s s u e s  a s  
w e ll a s  an  e x te n s iv e  decay  o f  th e  r o o t  system  i s  a p p a re n t in  th e  
stem and ro o t o f  a d ise a se d  p l a n t .  The e x te n t  and in t e n s i t y  o f 
v a s c u la r  browning v a r ie s  w ith  v a r i e t y .  D is c o lo ra t io n  i s  o f te n  
found in  th e  second and t h i r d  no d es . Ifost o f th e  secondary ro o ts  
a s  w e ll as th e  ta p  ro o t  a re  d e s tro y e d  (F ig u re s  8 and 9)» The ro o ts  
a re  u s u a lly  so s e v e re ly  decayed t h a t  most b reak  when p la n ts  a re  
p u lle d  from  th e  s o i l .  Soybean p la n ts  t h a t  a re  s tu n te d ,  b u t o th e r ­
w ise h e a l th y ,  f re q u e n tly  have an  in te r n a l  v a s c u la r  d is c o lo r a t io n .
F igu re  1 .— S eed lin g  w i l t  o f  Hawkeye soybean 
p la n ts  in c i te d  by a P hy toph tho ra  s p e c ie s .  
H ealthy  p la n ts  on r i g h t .
13
F ig u re  2 . —F ie ld  o f  Bavender soybeans in  w hich 
P hy toph thora  ro o t  r o t  i s  severe*
11+
F igu re  3* --D iseased  E arly an a  soybean 
se e d lin g s  w ith  co ty led o n s  p a r t i a l l y  
w ate r-so ak ed  and d is c o lo re d .  Two h e a lth y  
se e d lin g s  on r i g h t .
F igu re  i u —Karosoy soybean p la n ts  in  P h y to p h th o ra - 
in f e s te d  s o i l .  Note s tu n te d  p la n ts  w ith  f l a c c id  
u n i f o l i a t e  le av es  no t y e t  c h l o r o t i c .  T oothp icks 
d e s ig n a te  s e e d lin g s  t h a t  d ie d  soon a f t e r  em ergence.
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I s o la t io n  o f  th e  Fungus
D iseased  soybean p la n ts  were c o l le c te d  in  1953 i n 
N orthw estern  Ohio a t  r e g u la r  in t e r v a l s  b eg in n in g  when th e  p la n ts  
w ere 3 weeks o ld .  Fragm ents o f  in t e r n a l  stem  and ro o t  t i s s u e  w ere 
ex c ise d  and t r a n s f e r r e d  to  p la te s  o f p o ta to -d 6 x tro s e  and y e a s t  
e x t r a c t  a g a r s .  As soon a s  fungus growth ap p ea red , sm all p ie c e s  
o f th e  mycelium and ag ar from  th e  p e r ip h e ry  o f  a d evelop ing  co lony 
were t r a n s f e r r e d  to  tubed s la n ts  o f  2 per c e n t p o ta to -d e x tro s e  
a g a r .  I s o la t e s  a r i s i n g  from  app ro x im ate ly  600 t i s s u e  p la t in g s  
c o n s is te d  o f Fusarium  s p e c ie s ,  72 p e r  c e n t ;  R h izo o to n ia  s p e c ie s ,
10 per c e n t ;  G lioc lad ium  s p e c ie s ,  10 p e r  c e n t ;  and o th e r s p e c ie s ,
8 p e r c e n t .  The p a th o g e n ic ity  o f  r e p r e s e n ta t iv e  i s o l a t e s  from  
each  o f th e  groups was t e s t e d  and none was p a thogen ic  to  soybean 
p la n t s .
D uring th e  summer o f 195^+» c o l le c t io n s  o f d ise a se d  
p la n ts  were s t a r t e d  a week e a r l i e r  th a n  in  1953* A sp e c ie s  o f  
P hy toph thora  was f re q u e n tly  i s o la t e d  from s e v e ra l  l o t s  o f  
d is e a s e d ,  2-vreek o ld  soybean s e e d lin g s .  D iseased  t i s s u e  fragm en ts  
were washed in  ta p  w a te r ,  th e n  immersed in  s t e r i l e  w a te r and 
p laced  in  tu b e s ,  each  c o n ta in in g  20 cc o f s t e r i l e  w a te r .
A f te r  2lj. hours a t  room te m p e ra tu re , th e  tu b e s  were 
examined f o r  m y c e lia l growth su rro u n d in g  th e  p ie c e s  o f  d ise a se d  
t i s s u e .  The t i s s u e  fragm en ts  were th e n  removed from th e  tu b e s  and 
b lo t te d  between two p ie c e s  o f  f i l t e r  paper to  remove th e  ex ce ss  
w a te r ,  and w ith  i t ,  a la rg e  number o f  b a c t e r i a l  co n tam in a n ts .
A f te r  b lo t t in g  th o ro u g h ly , th e  t i s s u e  fragm en ts  w ere t r a n s f e r r e d
17
F igure  Hawkey e soybean p la n ts  in  th e  
e a r ly  w i l t  phase o f th e  P hy toph thora  ro o t 
r o t .  No c h lo ro s i s  o f th e  fo l ia g e  i s  e v id e n t 
in  t h i s  s ta g e .  H ealthy  p la n ts  l e f t  o f  c e n t e r .
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F ig u re  6.-~Hawkeye soybean p la n ts  in  the  
w i l t - c h lo r o t i c  phase o f th e  P hy toph thora  
ro o t r o t .  The a f f e c te d  le a v e s  a r e  b r i t t l e .  
H ealthy  p la n ts  on r i g h t .
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Figure  7 • --Hawkeye soybean p la n ts  in  th e  
f i n a l  s tag e  o f th e  P hy toph tho ra  ro o t r o t .  
The d is e a s e d  p la n ts  a re  n e c ro t ic  and d ry . 
P la n t  on r ig h t  i s  s tu n te d .  H ealthy  p la n ts  
on l e f t .
F igu re  8 . —Eoot system s o f 3-week o ld  E a rly a n a  soybean 
p la n ts  from Toledo s i l t y  c la y .  Three p la n ts  on l e f t  
from  P h y to p h th o ra - in fe s te d  s o i l ;  o th e rs  from  non­
in f e s te d  s o i l .
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F igu re  9*—Three-w eek o ld  soybean p la n ts  
o f th e  E arlyana  v a r i e t y .  Note th e  e x te n s iv e  
decay o f  th e  r o o ts  o f  th e  3 p la n ts  on r i g h t .  
Two h e a lth y  p la n ts  on l e f t  from  steam ed, non­
in f e s te d  s o i l .
2 2
t o  co rn  meal agar* I s o la te s  o f th e  fUngus w ere o b ta in ed  a l s o  by 
t r a n s f e r r i n g  t i s s u e  fragm en ts  from  d is e a s e d  soybean se e d lin g s  to  
p la te s  o f co rn  meal a g a r .  S pecies  o f  P hy toph tho ra  w ere i s o la te d  
from  87 p e r  c e n t o f  a t o t a l  o f 60 t i s s u e  t r a n s f e r s .  These i s o l a t e s ,  
m a c ro sc o p ica lly  a t  l e a s t ,  were i d e n t i c a l  and s im ila r  in  p a th o ­
g e n ic i ty  on Bavender v a r ie ty  o f soybeans. One i s o l a t e  was s e le c te d  
a t  random and u se d  in  a l l  subsequen t ex p e rim e n ts .
The sp e c ie s  o f P hy toph thora  i s o la te d  i s  slow -grow ing 
w hich may e x p la in  why i t  was n o t i s o la te d  p re v io u s ly  on p o ta to -  
d e x tro se  and y e a s t  e x t r a c t  a g a r s .  B a c te r ia  w ere a s s o c ia te d  u s u a l ly  
w ith  th e  P hy toph tho ra  c u l tu r e s .  Fungus c o lo n ie s  f r e e  o f  b a c te r ia  
were o b ta in e d  by th e  method d e sc r ib e d  by A rk and D ickey ( l ) .
Three p l a s t i c  m odeling c la y  p e l l e t s  a re  a t ta c h e d  to  one end o f  
a  Van Tieghem c e l l .  The c e l l  i s  th e n  c e n t r a l l y  p laced  in  th e  
bottom  of a  P e t r i  d i s h ,  w ith  th e  p e l l e t s  a g a in s t  th e  g la s s .  The 
c e l l  i s  2 -3  mm from th e  bottom  o f th e  P e t r i  d is h .  The P e t r i  d ish  
cover i s  re p la c e d  and th e  e n t i r e  a p p a ra tu s  i s  a u to c la v e d . A f te r  
s t e r i l i z a t i o n ,  a  t h i c k  la y e r  o f warm 3 p e r c en t a g a r  medium i s  
poured in to  th e  P e t r i  d i s h .  A fragm ent o f  d ise a se d  t i s s u e  i s  
r in s e d  in  s t e r i l e  w a te r and th e n  p laced  on agar w ith in  th e  c e l l .
The fungus hyphae grow in to  th e  a g a r  and emerge o u ts id e  o f  th e  
Van Tieghem c e l l  f r e e  o f b a c t e r i a .
H a b ita t o f th e  Pathogen
S o il  sam ples were o b ta in ed  from s e v e ra l  f i e l d s  in  which 
specim ens o f d ise a se d  p la n ts  were p e r io d ic a l ly  c o l le c te d .  A p o r t io n
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o f  each  o f  th e  sam ples was au to c lav e d  fo r  8 hou rs  a t  20 pounds 
p r e s s u r e ,  and p laced  in  c la y  p o ts  which were p re v io u s ly  a u to c la v e d . 
The o th e r  p o r t io n  o f  non-steam ed s o i l  o f  e ach  sample was p la ced  in  
an o th e r s e t  o f  po ts*  Twenty seeds o f  the  Bavender v a r ie ty  were 
sown in  each po t*  Symptoms o f th e  d is e a s e  developed in  most o f  
th e  p la n ts  in  th e  non-steam ed s o i l .  P hy toph thora  was is o la te d  
from  th e se  p la n ts*  None o f  th e  p la n ts  in  th e  steam ed s o i l  was 
d is e a s e d . I t  wa3 in f e r r e d  th a t  th e  c a u sa l a g e n t  was in  th e  s o i l*  
Seeds o f v a r i e ty  Bavender, and s t r a i n s  W9- 202l |  and 
AX63" 129- l -2  were s e le c te d  a t  random from  th e  same seed l o t  and 
immersed f o r  2 m inutes in  a  I t l  s o lu t io n  o f  sodium h y p o c h lo r i te .  
A f te r  s e v e ra l  r in s e s  in  s t e r i l e  w a te r ,  th e  seeds were p laced  in  
P e t r i  d ish e s  c o n ta in in g  co rn  meal and 2 per c e n t w ate r a g a rs  and 
in c u b a ted  a t  20° c* A s im i la r  s e t  o f  d is h e s ,  c o n ta in in g  seed s  
which were no t s u r f a c e - s t e r i l i z e d ,  was in c lu d e d . P hytoph thora  
d id  n o t grow from  any o f th e  soybean seeds* S p ec ies  of 
C erco sp o ra , A l t e r m r i a ,  P e n lc i l l iu m , and Rhizopus were i s o la te d  
from some o f the  seeds*
The o ccu rrence  o f  d ise a se d  soybean p la n ts  s c a t te r e d  
th ro u g h o u t th e  f i e l d ,  i s  in d ic a t iv e  o f  th e  d i s t r i b u t i o n  p a t te r n  
o f s o il-b o rn e  p a th o g en s. In  Ohio, t h i s  d is e a s e  has been found 
only  in  f i e l d s  o f soybeans growing in  c la y  and s i l t y  c la y  s o i l s ,  
such as  B rookston , C lyde , and Toledo s i l t y  c lay s*  The d ise a se  
i s  u s u a l ly  more sev e re  in  p o o rly  d ra in e d  s e c tio n s  o f  th e  f i e ld *
The Pathogen
Morphology
The young mycelium o f the P h y toph tho ra  s p e c ie s ,  
p a th o g en ic  to  soybean p l a n t s ,  i s  c o e n o c y tic , n o n - s e p ta te ,  and 
b ran ch es f r e e l y .  In  o ld e r  c u l tu r e s ,  th e  nycelium  i s  s e p ta te  and 
2 . 14. to  5*0 m icrons in  d ia m e te r . The hyphae a re  tu b e rc u la te  on 
co rn  m eal and p o ta to -d e x tro s e  a g a r s .
S porangia a re  ovoid  to  e l l i p s o id  and a r e  n o n - p a p i l la te .  
S p o ran g ia , in  d ise a se d  soybean t i s s u e s ,  range from  12 t o  15 
m icrons in  w id th  and from 23 to  25 m icrons in  le n g th .  F o m a tic n  
o f zoospores was no t induced by f lo o d in g  or c o o lin g  th e  fungus 
c o lo n ie s .
Oogonia a re  g lobose and 2 0 .6  to  25 .J4 m icrons in  
d ia m e te r . The w a lls  o f th e  oogonia a re  t h i n  and smooth* Oogonia 
were no t observed  on p o ta to -d e x tro s e ,  m a lt ,  or n u t r i e n t  ag a rs*  
Oogonia form  ab undan tly  on co rn  m eal a g a r  and on g ra te d  c a r r o t  
a g a r  p rep ared  acc o rd in g  to  Johann ( 8 ) .
Oospore3 a re  smooth, g lo b o se , and v ary  from  10 t o  I 5 
m icrons in  d ia m e te r . The w a lls  o f  th e  oospores a re  smooth and 
abou t 1 .3  m icrons in  th ic k n e s s .
A n th e r id ia  a re  am phigynous, i . e . ,  envelope th e  o o g o n ia l
s t a l k .
I d e n t i f i c a t i o n
F in a l i d e n t i f i c a t i o n  o f  th e  Phycomyceteous pathogen  
was made by D r. John T. M idd le ton , C i t r u s  Experim ent S ta t io n ,
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R iv e r s id e ,  C a l i f o r n ia ,  from a c u l tu r e  se n t him .
Growth on d i f f e r e n t  media
The appearance o f  th e  P hy toph tho ra  sp e c ie s  on v a r io u s  
media i s  i l l u s t r a t e d  in  F igu re  10 . On each o f  th e  5 m edia, th e  
co lony  and growth c h a r a c t e r i s t i c s  a re  s t r ik i n g ly  d i f f e r e n t .  On 
c o rn  meal a g a r ,  th e  w h ite  mycelium i s  d e l ic a te  and sc a rc e ly  
v i s i b l e  u n le s s  exam ined by t r a n s m it te d  l i g h t .  The mycelium i s  
c h ie f  3y in t r a m a t r ic a l  w ith  l im ite d  a e r i a l  grow th . The m y c e lia l 
grow th i s  w h ite  and dense on p o ta to -d e x tro s e ,  n a l t ,  and y e a s t  
e x t r a c t  a g a r s .  The grow th h a b i t  on th e  form er medium i s  cum ulous. 
On y e a s t  e x t r a c t  a g a r ,  th e  grcvrth h a b i t  i s  p u lv in a te ,  i . e . ,  
cu sh io n -sh ap ed  o r s t ro n g ly  convexed. The d e l ic a t e  mycelium on 
n u t r i e n t  a g a r  i s  c h ie f ly  in t r a m a t r ic a l  and ta n .
G row tti-tem perature r e la t io n s
The e f f e c t s  o f te m p era tu re  on r a d i a l  grow th o f th e  
P hytoph thora  sp e c ie s  w ere s tu d ie d .  The fhngus was t r a n s f e r r e d  
to  5 d i f f e r e n t  media in  P e t r i  d is h e s  and in c u b a te d  a t  v a r io u s  
te m p e ra tu re s  ra n g in g  from 6° to  35° ® • The te m p e ra tu re s  were 
k ep t c o n s ta n t by c o n t ro l le d  in c u b a to r s .  D ata w ere re c o rd e d  
on th e  d ia m e te rs  o f  c o lo n ie s  a t  2-day in t e r v a l s .  The average 
d iam ete r d a ta  o f  th e  Phytophthora c o lo n ie s  on d i f f e r e n t  media 
a f t e r  8 days a re  i l l u s t r a t e d  in  F igure 11.
The r a t e  o f  growth o f  th e  P hy toph thora  s p e c ie s  was 
g r e a te r  on c o rn  meal ag a r than  on n u t r i e n t ,  p o ta to -d e x tro 30,  y e a s t  
e x t r a c t ,  and m a lt a g a r s ,  r e s p e c t iv e ly .  The c a r d in a l  te m p e ra tu re s  
f o r  growth on co rn  m eal a g a r  w ere: le s s  th a n  6 ° , 2 6 ° , and g r e a te r
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F igu re  1 0 .— Growth o f  th e  P hy toph thora  sp e c ie s  on 
v a r io u s  media a f t e r  19 days in c u b a tio n  a t  20° C. Top 
row , l e f t  to  r i g h t t  m a lt ,  y e a s t  e x t r a c t ,  and p o ta to -  
d e x tro se  a g a r s .  Bottom row, l e f t  t o  r ig h t s  n u t r i e n t ,  







T e m p e r a t u r e  ‘ C
F igu re  1 1 ,—-D iam eter o f  P hy tophthora 
c o lo n ie s  a f t e r  8 days a t  d i f f e r e n t  tem pera­
tu r e s  on v a r io u s  media*
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than 35° c *» r e s p e c t iv e ly .  On n u tr ien t a g a r , th e  r e sp e c tiv e  
oard in a l tem peratures w ere: le s s  than 6° ,  2U°, and 30° C. The 
card in a l tem peratures fo r  growth o f  the Phytophthora sp ec ie s  on 
p o ta to -d e x tro se , m alt, and y e a s t  ex tra c t agars were: 10° ,  22 , 
and 30° C r e s p e c t i v e l y .
E f fe c t  o f  pH on growth
S e v e ra l lo t s  o f  co rn  meal ag ar w ere a d ju s te d  to  d i f f e r e n t  
d e g re e s .o f  a c i d i ty  and a l k a l i n i t y  to  study  th e  e f f e c t  o f h y d ro g en -io n  
c o n c e n tra t io n  on th e  growth o f  th e  P hy toph thora  s p e c ie s .  J fe .c llv a in r s 
b u f f e r  m ix tu res  o f c i t r i c  ac id -d iso d iu m  phosphate  w ere u sed  fo r  
th e  range pH 2 -8  (1 2 ) .  These m ix tu re s  were a p p a re n tly  to x ic  to  
th e  fungus as  no growth o ccu rred  in  t h i s  ra n g e . S o ren sen ’ s b u ffe r  
m ix tu res  o f h y d ro c h lo r ic  a c id -g ly c in e  were s u b s t i tu te d  ( 6 ) .  For 
th e  range pH 9 - H ,  m ix tu res  o f  sodium h y d ro x id e -g ly c in e  were 
p rep ared  a c c o rd in g  to  th e  d e s c r ip t io n s  by G ortner ( 6 ) .  A pH 
re a d in g  was made o f each sample o f ag ar b e fo re  p o u rin g  th e  p l a t e s .  
Four P e t r i  p la te s  o f ag a r w ere used f o r  each  pH value  and in cu b a ted  
a t  26° C , The average  d ia m e te r  d a ta  o f  th e  P hy toph thora  c o lo n ie s  
a t  v a r io u s  h y d rogen -ion  c o n c e n tra tio n s  i s  p re se n te d  in  F ig u re  12.
The optimam pH fo r  grow th was 9* w ith  a secondary optimum a t  




“  5 0 -
3 0 12.IO
F ig u re  1 2 .—D iam eter o f  P hy toph thora  
c o lo n ie s  a f t e r  8 days a t  d i f f e r e n t  
hy d rogen -ion  c o n c e n tra tio n s  on b u ffe re d  
co rn  m eal a g a r .
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F ie ld  T es t _in 195^-
In th e  summer o f  195^» a  p lo t  a t  Oak H arbor, Ohio, nas  
s e le c te d  f o r  a soybean d is e a se  n u rs e ry . T h is  a re a  in c lu d ed  a 
p o r t io n  o f  a  25-a c re  f i e l d  in  w hich n e a r ly  a l l  Bavender soybean 
p l a n t s ,  examined d u rin g  1953* bad been d is e a s e d .  Seven c la s s e s  
o f  soybean v a r i e t i e s  and s t r a i n s ,  a rra n g e d  in  5 m a tu r ity  g roups, 
were p la n te d .  In g e n e ra l ,  each group in c lu d ed  soybean s t r a in s  
d i f f e r i n g  by n o t more th a n  10 to  15 days in  m a tu r ity  d a te .
Group 0 c o n ta in e d  s t r a in s  t h a t  bloom and m ature under th e  longer 
days en co u n te red  d u rin g  th e  summer in  th e  D ako tas, M inneso ta , 
and n o r th e rn  W isconsin , Group I  c o n s is te d  o f s t r a i n s  g e n e ra lly  
c u l t iv a te d  in  South D akota, th e  so u th e rn  p a r t s  o f M inneso ta , 
W isconsin , M ichigan, and th e  n o r th e rn  p a r t  o f Ohio, Groups I I ,  
I I I ,  and IV, r e s p e c t iv e ly ,  in c lu d ed  s t r a i n s  w hich a re  common to  
th e  lo c a tio n s  f a r th e r  so u th  i n  the  N orth C e n tra l  S ta te s  and to  
a re a s  o f s im i la r  l a t i t u d e .  S ta te  V a r ie t ie s  and th e  Advanced 
P re lim in a ry  c la s s e s  in c lu d ed  new s t r a i n s ,  w ith  d e s ir a b le  agronomic 
c h a r a c t e r i s t i c s ,  t h a t  a re  d i s t r i b u te d  among th e  m a tu r ity  Groups I 
and I I ,
Using a randomized b lock  d es ig n , each v a r ie ty  or s tr a in  
was r e p lic a te d  tw ice fo r  each p la n tin g  d a te . The I4. p lan tin g  
dates were: May 26 , June 2 , June 9 ,  and June 2 2 , 195^4* Because 
o f  the extrem ely dry w eather, seed lin g  emergence a f te r  the f i r s t  
p la n tin g  was poor and e r r a t ic .
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The t o t a l  number o f  p la n ts  t h a t  emerged in  each 8- fo o t  
row was ta b u la te d *  The fo llo w in g  c a te g o r ie s  o f  post-em ergence 
d is e a s e  in c id en ce  w ere ass ig n ed *  se e d lin g  w i l t ,  l a t e  w i l t ,  i n t e r n a l  
brow ning, and t o t a l  d is e a s e .  The p e rcen tag e  o f d is e a se d  p la n ts  
was c a lc u la te d  on th e  b a s is  o f the  t o t a l  number o f soybean p la n ts  
t h a t  emerged in  8 r e p l i c a t e s .  In  o b ta in in g  d a ta  on in t e r n a l  
brow ning, 10 p la n ts  w ere s e le c te d  a t  random from  each  row. The 
ro o t and b a s a l  p o r t io n  o f th e  stem o f each  p la n t  was exam ined.
S ince th e  f i e l d  d a ta  d id  n o t f u l f i l l  c e r t a in  assum ptions 
u n d e r ly in g  th e  a n a ly s i s  o f v a r ia n c e  t e s t ,  m a in ly , hom ogeneity of 
v a r ia n c e ,  they  were n o t su b je c te d  to  s t a t i s t i c a l  a n a ly s i s .  
C onseq u en tly , in d ic e s  w ere a ss ig n e d  f o r  each  d is e a s e  c a te g o ry .
An index  s c a le ,  re p re s e n t in g  th e  per cen t o f sty  bean p la n ts  
d is e a s e d , was e s ta b l is h e d  a s  fo llo w s : 1 , 0 to  20 ; 2 ,  21 to  1+0 ;
3 , 1+1 to  60; i+, 61 to  80; and 5» 81 to  100. In  e v a lu a tin g  th e  
f i e l d  r e s u l t s ,  em phasis was p la ced  on th e  t o t a l  d is e a s e  in c id e n c e . 
Any v a r i e ty  o r  s t r a i n  w ith  an  index  o f  1 (0  t o  20 p e r  cen t of th e  
p la n ts  d ise a se d )  was co n s id e re d  r e s i s t a n t .
The r e s u l t s  o f th e  f i e l d  t e s t  a re  summarized in  T ab les 1 
to  7* Tn m a tu rity  Groups 0 , I I ,  and IV, no soybean v a r i e t i e s  or 
s t r a i n s  w ere a s s ig n e d  a t o t a l  d is e a se  index  o f 1 .  lum bers o f 
th e se  m a tu rity  groups w ith  low p e rce n tag e  o f t o t a l  d is e a s e  in c id en ce  
w a rra n t f u r th e r  c o n s id e ra tio n  as b reed in g  m a te r ia l,,
A t o t a l  d is e a se  ind ex  o f  1 was a ss ig n e d  to  Blackhawk, 
Monroe, and s t r a i n  C1109 o f m a tu r ity  Group I .  Soybean s t r a i n  
W9 - 2021+, used  th ro u g h o u t th e  greenhouse e x p e rim e n ta tio n , was
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a ss ig n e d  a t o t a l  d is e a s e  ind ex  o f  5* an<l hhe in c id e n c e  o f s e e d lin g  
w i l t  was h ig h  a s  ev id en ced  by an  in d e x  o f 3 . A l l  v a r i e t i e s  o f 
Group I  had an  index  o f 1 f o r  s e e d lin g  and l a t e  w i l t ,  w hereas the  
in d ic e s  f o r  in t e r n a l  browning were h ig h . E a rly an a  and s t r a i n s  
C1112, C H 17, and M-13 each had a t o t a l  d is e a s e  in d ex  o f 3 c h ie f ly  
because o f  severe in t e r n a l  d is c o lo r a t io n .
Adams and s t r a i n  HI35O I, w ith  a t o t a l  d is e a s e  p e rce n tag e  
o f  21+.7 and 27 .1  r e s p e c t iv e ly ,  w ere th e  b e s t  members o f  m a tu r ity  
Group I I .  Except f o r  th e  v a r i e ty  H arosoy, a l l  soybean v a r i e t i e s  
and s t r a i n s  o f  Group I I  were a s s ig n e d  an index  o f 1 f o r  se e d lin g  
and ] a te  w ilt*
A ll  members o f  th e  Advanced P re lim in a ry  Group, excep t 
s t r a i n  21+088, were a ss ig n ed  an  index  o f 1 f o r  s e e d lin g  and la te  
w i l t .  Soybean s t r a in s  21+338* 22218, 22153* 21+157* and QH-53 
o f th i s  Group each had a t o t a l  d is e a s e  index  o f  1 . An ind ex  o f  
1+ f o r  i n t e r n a l  brow ning was a s s ig n e d  to  s t r a i n  11+775*
A ll  members, e x c e p t s t r a i n  21+050, o f  th e  S ta te  V a r ie ty  
Group had in d ic e s  o f 1 f o r  s e e d lin g  and la te  w i l t .  Soybean s t r a i n  
2I+O5O was a ss ig n ed  an index  o f  2 f o r  se e d lin g  w i l t ,  bu t an  in d ex  
o f  5 fo r  t o t a l  d is e a s e .  S t r a in  I 5368 w ith  a t o t a l  d is e a s e  index  
o f 2 and p e rce n tag e  t o t a l  d is e a s e  in c id en ce  o f 37*1 wag th e  b es t 
member o f th e  S ta te  V a r ie ty  Gr 0u p .
I l l i n i  w ith  an index  o f  1 f o r  a l l  d is e a s e  c a te g o r ie s  
was the only  r e s i s t a n t  v a r ie ty  o f Group I I I .  The o th e r  members 
o f t h i s  m a tu r ity  group were a ss ig n e d  an in d ex  o f 1 fo r  s e e d lin g
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and la t e  w i l t .  The in c id en ce  o f  i n t e r n a l  browning in  th e se  s t r a i n s  
and v a r i e t i e s  was s e v e re , how ever.
No members o f  Group IV w ere a s s ig n e d  t o t a l  d is e a se  
in d ic e s  le s s  th a n  3 (U l to  60 p e r  c e n t  o f  th e  p la n t s  d is e a s e d ) .
Only s tr a in s  C1076 and C1079 were assign ed  in d ic e s  o f  3» In regard  
to  seed lin g  and la te  w i l t ,  a l l  soybean s tr a in s  had an index o f  1.
As in  m a tu rity  Group I I I ,  th e  in c id e n c e  o f in t e r n a l  browning was 
sev e re  in  t h i s  Group.
Comet, R e n v i l le ,  and s t r a i n  W0S-3180 o f  Group 0 w ith  
p e rcen tag e  t o t a l  d is e a s e  o f 2 8 .1 , $0*6, and 33*3* r e s p e c t iv e ly  
w ere a ss ig n e d  a  t o t a l  d is e a s e  in d ex  o f  2 .  Soybean s t r a i n  
W0S-3138 was se v e re ly  a f f e c te d  in  th e  e a r ly  phase o f  d is e a s e  
developm ent as  ev idenced  by an  in d e x  o f  3 £ ° r  s e e d lin g  w i l t .  A ll  
members o f  t h i s  n a tu r i ty  group w ere a ss ig n ed  an  index  o f  1 fo r  th e  
in c id en ce  o f  l a t e  w i l t .
No r e la t io n s h ip  between th e  p ed ig re e  o f soybean s t r a i n s  
and s u s c e p t i b i l i t y  t o  th e  ro o t r o t  was a p p a re n t. Blaokhawk and 
Hawkeye a re  d i f f e r e n t  s e le c t io n s  from  th e  same c ro s s  (Makden x 
P d ch lan d ), b u t Hawkeye was s u s c e p t ib le  w hereas Blackhawk was 
r e s i  s t a n t .
From th e  f i e l d  r e s u l t s ,  i t  was in fe r r e d  t h a t  tim e o f  
p la n t in g  had no e f f e c t  on d is e a s e  in c id e n c e . No d if f e re n c e  i n  
s u s c e p t i b i l i t y  was e v id e n t  in  any soybean v a r ie ty  o r  s t r a i n  a t  any 
o f  th e  ij. p la n t in g  d a t e s .
Table 1 .—Post-emergence disease development of soybeans of m aturity Group I in
_______n a tu ra lly -in fe s ted  Toledo s i l ty  clay a t Oak Harbor, Ohio, in  1954*______
S tr a in  o r 





o f p la n ts  
Late 
W ilt
in  each  d ise a se  c a teg o ry  
in te r n a l  T o ta l 
Browning
Blackhawk S e l. from  Mukden x R ichland l b 1 1 1
E arlyana S e l. from  a n a tu r a l  h y b rid 1 1 3 3
Monroe S e l. from  Mukden x Mandarin 1 1 1 1
c 1105 S e l. from  a1| - 107-12 x M an .(O tt.) 1 1 2 2
C 1106 do 1 1 2 3
c 1109 S e l. from Mukden x Man. (Ofct.) 1 1 1 1
C 1112 S e l. from  Mandarin ( o t t . )  x L inco ln 1 1 3 3
c 1117 do 1 1 3 3
c 1119 do 1 1 2 3
C 1121 do 1 1 2 2
H-IOOJ42 S e l. from  L inco ln  x (R ich land  x C l l ) 1 1 3 4
IS-12 S e l. from  Hawkeye x Flambeau 1 1 2 2
M-13 S e l. from  Hawkeye x O ntario 1 1 3 3
W9- l 2j86 S e l. from Hawkeye x Flambeau 2 1 2 4
W9-2C24 do 3 1 2 5
A0K-2206 S e l. from Hawkeye x Man. ( O t t . ) 1 1 3 4
AOK-38O8 S e l. from  L in . x (L in . x R ich land) 1 1 2 4
a Based on t o t a l  number o f p lan ts th at emerged in  8 r e p lic a te s*
b S ca le: 1 ■ 0 -  20$ p lan ts d isea sed , 2 » 21 -  40$ p la n ts  d isea sed , 3 “ 4 l  ~ 60$ p la n ts  
d isea sed , I4. = 61 — 80$ p lan ts d isea sed , 5 “ 31 -  100$  p lan ts d iseased*
Table 2 .—Post-emergence disease development of soybeans of n a tu rity  Group I I  in
n a tu ra lly -in fe s ted  Toledo s i l ty  clay a t  Oak Harbor, Ohio, in  195^ -»_______
S tr a in  or 
V a rie ty
S eed ling
O rig in  W ilt
Late
W ilt
in t e r n a l
Browning
T o ta l
Adams Se 1 . from  I l l i n i  x D un fie ld  1^ 1 2 2
Harosoy S e l. from Man. x (Man. x A .k. ) 2 1 3 1+
Hawkeye S e l. from Mukden x R ichland  1 1 3 k
L inco ln S e l . from  M andarin x Manchn 1 1 3 k
Richland S e l . from P . I .  70502-2 1 1 3 3
A0-8618 S e l . from L in . x (L in . x R ich lan d ) 1 1 3 3
AX-29-163-1-2 S e l. from  Adams x Hawkeye 1 1 3 5
c 1056 S e l. from  L in . x (L in . x Al+5- 251) 1 1 2 3J
C 1128 S e l. from  Wabash x AI4.-IO7- I 2 1 1 2 3
H 13116 S e l. from L in . x (R ich lan d  x O i l )  1 1 2 2
H 13501 do 1 1 2 2
H 11+025 S e l. from  L inco ln  x Quebec 92 1 1 3 1+
H li+521 S e l . from L inco ln  x O ntario  1 1 3 1+
H 1551+8 S e l . from  L inco ln  x P . I .  68666 1 1 k h
L9-5139 S e l . from  L in 0 x (L in . x R ich land) 1 1 2 3
Based on t o t a l  number o f p la n ts  th a t  emerged in  8 r e p l i c a te s .
k S ca le : 1 « 0 -  20% p la n ts  d is e a s e d , 2 = 21 -  1+0% p la n ts  d is e a s e d , z  l+l -  60% p la n ts  
d is e a s e d , 1+ -  61 -  80% p la n ts  d is e a s e d , 5 ” 81 -  100% p la n ts  d is e a s e d .
Table 3*““Post-Emergence disease development of soybeans of the Advanced Prelim inary
Group in  n a tu r a l ly - in f e s te d  Toledo s i l t y  c la y  a t  Oak H arbor, Ohio, in  1954*
S tr a in  or 
V a rie ty O rig in
P ercen tage o f p la n ts in  each  d is e a se  category®-




In te r n a l
Browning T o ta l
14574 L x IOI4I4. L inco ln  x O ntario l b 1 5 4
20867 H x 2 Monroe x L inco ln 1 1 3 4
21+338 H x 6 R ich land  x H-2 1 1 1 1
15575 H x 1 x L inco ln  x P . I .  68666 1 1 3 3
22057 H x 9 H-5 x A 1+-107-12 1 1 3 4
H+775 L x 101+1+ L inco ln  x O ntario 1 1 4 4
22218 H x 9 H-5  x A 1+-107-12 1 1 1 1
21+088 H x 2 Monroe x L inco ln 1 3 5
225I+7 H x 10 H-2 x A 4-107-32 1 1 2 2
I 58O9 H x 1 x L inco ln  x P . I .  68666 1 1 2 2
lIt69S L x lOi+4 L inco ln  x O ntario 1 1 3 5
15255 L x 101+3 L inco ln  x P . I .  68666 1 1 3 3
22153 H x 9 H-5  x a  4- 107-12 1 1 1 1
24157 H x 2 Monroe x L inco ln 1 1 1 1
CH-53 S e l, from Bavender S p ec ia l 1 1 1 l
a  Based on t o t a l  number o f  p la n ts  th a t  emerged in  8 r e p l i c a t e s .
b S c a le : 1 = 0 -  20% p la n ts  d is e a s e d , 2 * 21 -  40% p la n ts  d is e a s e d , 3 = 4 l  “ 60% p la n ts  
d is e a s e d , 4  “ 61 -  80% p la n ts  d is e a s e d , 5 = 81 -  100% p la n ts  d is e a s e d .
Table i+»— Post-emergence disease development of soybeans of the S ta te  V ariety Group
in  n a tu ra lly -in fe s ted  Toledo s i l ty  clay a t Oak Harbor, Ohio, in  1 9 5 4 * ____________
Stra in  or 
V ariety Origin








14597 L x 1044 Lincoln x Ontario l b 1 4 4
15345 L x 1043 Lincoln x P .I .  68666 1 1 3 3
14551 L x 1044 Lincoln x Ontario 1 1 3 3
8178 Lincoln (L incoln  x Richland) 1 1 3 4
15368 H x 1 Lincoln x P .I .  68666 1 1 2 2
15518 do 1 1 3 3
I5832 do 1 1 3 4
24050 H x 2 Monroe x L incoln 1 2 5
20689 do 1 1 3 3
15285 L x 1043 Lincoln x P .I .  68666 1 1 3 4
I 5225 do 1 1 3 4
Mingo S e l.  from l&nchu 1 1 3 4
a Based on t o t a l  number o f  p la n ts  t h a t  emerged in  8 r e p l i c a t e s .
^ S ca le : 1 = 0 -  20fo p la n ts  d is e a s e d , 2 = 21 -  40% p la n ts  d is e a s e d , 3 ” 4 l  “ 60% 
p la n ts  d is e a s e d , 4  -  61 -  Q0% p la n ts  d is e a s e d , 5 = 81 -  100$  p la n ts  d is e a s e d .
Table 5 . —Post-em erge nee d is e a s e  development o f  soybeans o f  m a tu r ity  Group I I I  in
_________n a tu r a l ly - in fe s te d  Toledo s i l t y  c la y  a t  Oak H arbor, Ohio, i n  195U*
P ercen tage  o f p la n ts  i n  each d is e a s e  ca tegory*
S eed ling  l a t e  I n te r n a l
W ilt W ilt Browning T o ta l
S tr a in  o r 
V a rie ty
I l l i n i S e l
D unfield S e l
c 859 S el
uo -  h1 S el
U9 -  2 S e l
C la rk S e l
C 1060 S el
12-5159 S e l
K.
I . 368i|6









a Based on t o t a l  number o f p la n ts  t h a t  emerged in  8 r e p l ic a te s *
•U
S ca le : 1 = 0 -  20$ p la n ts  d is e a s e d , 2 •  21 -  1+0$ p la n ts  d is e a s e d , 3 = 4 l  “ 60$ p la n ts  
d is e a se d , 1+ = 61 -  80$ p la n ts  d is e a s e d , 5 * 81 -  100$ p la n ts  d is e a se d .
Table 6*—Post-emergence d isease development of soybeans of m aturity  Group IV in
n a t u r a l l y - i n f e s t e d  Toledo s i l t y  c la y  a t  Oak H a rb o r, O hio, in  195^»
S tr a in  or 
V a rie ty O rig in
P ercen tage  o f p la n ts  
S eed ling  l a t e  
W ilt W ilt
in  each d ise a se  ca teg o ry  
I n te rn a l
Browning T o ta l
C h ie f S e l. from  I l l i n i  x Manchu l b 1 3 k
P erry S e l . from  Patoka x L7-1J55 1 1 4 k
Wabash S e l . from D unfield  x Mansoy 1 1 3 k
c 985 S e l. from  L inco ln  x Ogden 1 1 3 4
C IOI48 S e l. from L in . x (Dun. x A45-25I) 1 1 k 5
c 1065 S e l. from L inco ln  x Ogden 1 1 3 4
C 1068 do 1 1 7 4
c 1069 do 1 4 4
c 1071 do 1 1 4 4
c 1074 do 1 1 k k
c 1076 do 1 1 3 3
c 1078 do 1 1 4 k
c 1079 do 1 1 3 3
a
Based on t o t a l  number o f  p l a n t s  t h a t  em erged in  8 r e p l i c a t e s .
b S c a le :  1 = 0 -  20% p la n t s  d i s e a s e d ,  2 = 21 -  40% p la n t s  d i s e a s e d ,  J  = I4.I -  60% p la n t s  
d i s e a s e d ,  4  = 61 -  80% p la n t s  d i s e a s e d ,  5 * 81 -  100% p la n t s  d i s e a s e d .
Table 7«—Post-emergence disease development of soybeans of m aturity  Group 0 in  n a tu ra lly -
in fested  Toledo s i l ty  clay a t  Oak Harbor, Ohio, in  195^ -*_____ ___________
P ercen tage o f  p la n ts in  each  d ise a se  ca teg o ry *1
S tr a in  o r S eed ling l a t e I n te r n a l
V a rie ty O rig in W ilt W ilt Browning T o ta l
C a p i ta l S e l. from  S tr a in  171 x A.K. (Harrow) 2*> 1 2 5
Comet S e l . from Pagoda x Mandarin 1 1 2 2
Flambeau S e l. from I n t r .  from R ussia 1 1 2 2
Hardome S e l. from  Mandarin x (Man. x A .K .) 1 1 3 3
M an d arin (O tt.) S e l. from  M andarin 1 1 3 3
R en v ille S e l . from  L inco ln  x (L in . x l ic h la n d ) l 1 2 2
L6-S275 do 1 1 3 3
W6S-292 S e l. from  L inco ln  x Seneca 1 1 3 k
W8S -3J46O S e l. from  Hawkeye x Flambeau 1 1 3 3
W9S-2703 S e l . from  L inco ln  x Flambeau 1 1 2 3
WOS-3I 38 S e l. from  Hawkeye x Flambeau 3 1 1 k
TTOS-31U7 S e l. from Mukden x Flambeau l 1 3 3
W0S-3180 S e l. from  Mukden x Flambeau l 1 1 2
WOS-3257 do l 1 2 3
w os- 3386 S e l. from L inco ln  x Flambeau l 1 3 3
a Based on t o t a l  number o f p la n ts  t h a t  emerged in  8 r e p l ic a te s *
k S c a le : 1 = 0 -  20% p la n ts  d is e a s e d , 2 = 21 -  40% p la n ts  d is e a s e d , 3 = -  60% p la n ts
d is e a s e d , lt= 61 -  80/6 p la n ts  d is e a s e d , 5 ■ 81 -  100% p la n ts  d is e a s e d .
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Greenhouse E xperim ents on th e  E f f e c t  o f V arious 
F a c to rs  on p a th o g e n ic i ty
S o il  ty p e s
S ince t h i s  ro o t r o t  o f  soybeans has been found in  Ohio 
on ly  in  c la y  and s i l t y  c la y  s o i l s ,  th e  p a th o g e n ic i ty  o f  th e  
P hy toph thora  sp e c ie s  in  d i f f e r e n t  s o i l s  nas  in v e s t ig a te d .  Toledo 
s i l t y  c la y ,  loam , and sand were u s e d . Three v a r i e t i e s  o f  m a tu r ity  
Group I ,  Monroe, E a rly a n a , and W9-202i|., in  which th e  d is e a s e  in c id en ce  
ranged  from h ig h  to  low, w ere s e le c te d  (se e  Table l ) .
A f te r  th e  se e d lin g s  had emerged from  th e  P h y to p h th o ra - 
in f e s te d  s e r i e s  o f  s o i l s ,  th e y  were examined d a i ly .  Because o f  
th e  ra p id  d e s ic c a t io n  o f  th e  s e e d lin g s  a f f e c te d  in  post-em ergence 
dam ping -o ff, some method o f m arking d ise a se d  se e d lin g s  was 
n e c e ss a ry . When th e  h y p o co ty ls  o f  s e e d lin g s  began to  tu r n  brown, 
to o th p ic k s  were in s e r te d  in  th e  s o i l  a d ja c e n t to  th e  s e e d l in g s .
The d a ta  a re  p re se n te d  in  Table 8 ,  and th e  r e s u l t s  a re  
i l l u s t r a t e d  in  F ig u re s  13 to  15. The d if f e r e n c e s  betw een th e  
v a r i e t i e s  and th e  s o i l s  w ere s i g n i f i c a n t .  U sing th e  method o f 
o rth o g o n a l com parisons, s ig n i f i c a n t  in d iv id u a l  d if f e r e n c e s  were 
o b ta in ed  and a re  p re sen te d  in  Table 9«
Monroe was s ig n i f i c a n t l y  more r e s i s t a n t  th a n  e i th e r  
E arlyana o r W9-2024 in  c la y ,  loam, and sand (F ig u re s  16 and 1 7 ),
Monroe was s i g n i f i c a n t l y  more s u s c e p t ib le  i n  e i t h e r  loam o r  sand 
th a n  i n  T oledo s i l t y  c l a y .  E a r ly a n a  was s i g n i f i c a n t l y  more 
s u s c e p t ib le  i n  c la y  th a n  in  loam w h ereas  s t r a i n  W9-202ij. was more 
s u s c e p t ib le  in  c la y  th a n  i n  e i t h e r  loam o r  s a n d .
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Table 8 »—Pre-em ergence dam ping-o ff ( P r e ) ,  post-em ergence dam ping- 
o f f  ( P o s t ) ,  and t o t a l  d is e a s e  in c id en ce  (T o ta l)  in  soybean p la n ts  
a f t e r  3 weeks in  3 ty p e s  o f s o i l s  in f e s te d  w ith  P h y to p h th o ra ,
P e r c e n t o f the p la n ts  d ise a se d
T oledo c lay Loam Sand
V a r ie ty Pre P o st T o t a l Pre T o s t T o ta l Pre P o st T o ta l
Monroe
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Table 9 * ~ S ig n if ic a n c e s  o f one 
th e  tre a tm e n ts
-d e g re e -o f-fre e d o m  com parisons between 
o f th e  d a ta  o f Table 8 .
T reatm ent
Toledo c la y Loam Sand
Pre P ost T o ta l Pre P o st T o ta l Pre P o st T o ta l
M on .-E arly . l a 1 1 5 1 1 1 1 1
Mon.-19 1 1 1 1 1 1 1 5 1
E a r ly .-1 9 ns ns 1 ns ns 5 ns ns ns
Monroe E arlyana 19-2024
C lay-loam 1 ns 5 1 1 1 5 ns 1
C lay -san d ns 1 1 5 ns ns ns ns 1
Loam-sand ns 1 ns 5 ns ns ns ns ns
a 1-1 p e r c e n t le v e l  o f  s ig n if ic a n c e  
5~5 P©r c e n t le v e l  o f s ig n if ic a n c e  
ns -  no t s ig n i f i c a n t
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F igu re  13.~Tw o-w eek old  Monroe soybean p la n ts  in  
sand ( S ) ,  Toledo s i l t y  c la y  (C ) , and loam (L ) .  Back 
row, n o n - in fe s te d  s o i l ;  f r o n t  row, P h y to p h th o ra - 
in f e s te d  s o i l .
14+
F igu re  lAj.*—'Two -week old E arlyana  soybean p la n ts  in  
sand ( s ) ,  Toledo c la y  (C) ,  and loam ( L ) .  Back row, 
n o n - in fe s te d  s o i l ;  f r o n t  row, P hy toph tho ra- in f e s te d  
s o i l .
F ig u re  15 . —Two-week o ld  soybean p la n ts  o f s t r a i n  
1,79- 20214. in  sand ( s ) ,  Toledo c la y  (C ), and loam (L ) .  
Back row, n o n - in fe s te d  s o i l ;  f r o n t  row, P h y to p h th o ra - 
in f e s te d  s o i l .
R e la t io n s h ip  o f  age o f  p l a n t s  and s u s c e p t i b i l i t y
The r e l a t i o n s h i p  o f  th e  age  o f  t h e  so y b ean  p l a n t s  and 
s u s c e p t i b i l i t y  t o  t h e  P h y to p h th o ra  s p e c ie s  was s tu d ie d *  Seeds o f  
M onroe, E a r ly a n a , and s t r a i n  W9-2021; w ere sown i n  s t e r i l i z e d  w h ite  
q u a r tz  s a n d . When th e  s e e d l in g s  w ere i n  th e  e a r l y ,  second t r u e - l e a f  
3 ta g e ,  th e y  were t r a n s p la n t e d  t o  p o ts  o f  loam  in f e s t e d  w i th  th e  
P h y to p h th o ra  s p e c i e s .  Soybean s e e d l in g s  a f f e c t e d  i n  th e  e a r l y  
c o ty le d o n a ry  s ta g e  and  th o s e  w i th  d i s c o lo r e d  h y p o c o ty ls  w ere  
a s s ig n e d  t o  th e  e a r l y  w i l t  c a te g o r y .  W il t in g  and  c h lo r o t i c  p l a n t s  
w ere in c lu d e d  in  th e  l a t e  w i l t  p h a s e . A l l  s u r v iv in g  p l a n t s  w ere 
exam ined f o r  i n t e r n a l  v a s c u la r  d i s c o l o r a t i o n .  F i f t e e n  days a f t e r  
t r a n s p l a n t i n g ,  d a ta  w ere r e c o rd e d  f o r  e a c h  d i s e a s e  c a te g o r y .  The 
r e s u l t s  a r e  p re s e n te d  i n  T ab le  10 .
T ab le  1 0 .—D ise a se  in c id e n c e  i n  2 -w eek  o ld  soybean p l a n t s  t h a t
w ere t r a n s p la n t e d  t o  P h y to p h th o r a - ln f e s te d  loam .
V a r ie ty
P e rc e n ta g e  o f  p l a n t s  w ith
E a r ly  w i l t  l a t e  w i l t T o ta l  d iseased "-
Monroe OoO 2.1+ 2.1+
E a r ly a n a 1*7.6 52.1+ 1 0 0 .0
W9-2Q21+ 10 0 .0 0 .0 100 .0
a  No d is e a s e d  p l a n t s  in  c h e c k s ; 7 r e p l i c a t e s  o f  6 t r a n s p l a n t s  
e a c h .
The d i f f e r e n c e s  in  r e s i s t a n c e  i n  th e  e a r l y  w i l t  and t o t a l  
d i s e a s e  c a te g o r i e s  betw een Monroe and  E a r ly a n a  o r  s t r a i n  W9-2021+ 
w ere h ig h ly  s i g n i f i c a n t .  E a r ly a n a  was s i g n i f i c a n t l y  more 
s u s c e p t ib l e  i n  th e  l a t e  w i l t  phase  o f  th e  d i s e a s e  th a n  e i t h e r  o f  
th e  o th e r  2 v a r i e t i e s .  E a r ly a n a  was s i g n i f i c a n t l y  more r e s i s t a n t  
i n  th e  e a r l y  w i l t  phase  th a n  soybean s t r a i n  W9-2021+. Two day s a f t e r
F igu re  16«>—Two-week o ld  soybean p la n ts  i n  Toledo 
s i l t y  c l a y .  Back row, n o n - in fe s te d  s o i l ;  f r o n t  row, 
Phytophtho r a - in f e s te d  s o i l .  Monroe (M ), E a rly an a  (E ) ,
F ig u re  17«—Two-week o ld  soybean p la n ts  i n  sand . Back 
row, n o n - in fe s te d  so il}  f ro n t  row, P h y to p h th o ra - in fe s te d  
s o i l .  Monroe (M ), E arlyana (E ) ,  and W2-202l\.(A ).
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b e in g  t r a n s p l a n t e d  t o  i n f e s t e d  s o i l ,  th e  u n i f o l i a t e  le a v e s  o f 
soybean  s t r a i n  W9-2021; w ere f l a c c i d  and some m a rg in a l  c h lo r o s i s  
was e v id e n t .  A f te r  6  d a y s , th e  w i l t e d  and s h r iv e le d  le a v e s  became 
b r i t t l e  and n e c r o t i c .  Symptom developm en t i n  E a r ly a n a  was n o t  a s  
r a p id  and a s  s e v e re  a s  in  s t r a i n  W9-2021+, b u t th e  p l a n t s  w ere 
m arked ly  s tu n t e d .  Monroe so y b ean  p l a n t s  i n  th e  P h y to p h th o ra -  
i n f e s te d  s o i l  w ere a s  v ig o ro u s  a n d  h e a l th y  a s  t h e  c h e c k s .
S o i l  te m p e ra tu re s
I t  w as i n f e r r e d  from  th e  f i e l d  r e s u l t s  t h a t  some soybean  
v a r i e t i e s  and s t r a i n s  w ere  m ost s e v e re ly  a f f e c t e d  a f t e r  th e  l a t e r  
p l a n t in g  d a te s  when th e  s o i l  te m p e ra tu re s  w ere h i g h e r .  S in ce  t h e  
p a th o g e n ic i ty  o f  th e  P h y to p h th o ra  s p e c ie s  was t e s t e d  o n ly  a t  a  s o i l  
te m p e ra tu re  o f  2 6 ° -2 7 °  C . i n  p re v io u s  e x p e r im e n ts ,  t h e  s o i l  
te m p e ra tu re  r e l a t i o n s  t o  d i s e a s e  in c id e n c e  was i n v e s t i g a t e d .
The s o i l  te m p e ra tu re s  w ere  m a in ta in e d  a t  15°» 25°»  and 
35° r e s p e c t i v e l y ,  in  W isc o n s in - ty p e  te m p e ra tu re  t a n k s .  Each 
v a r i e ty - t r e a tm e n t  was r e p l i c a t e d  5 t im e s  and p o t s  o f  p l a n t s  i n  
s team ed , n o n - in f e s te d  s o i l  s e rv e d  a s  c h e c k s .  The r e s u l t s  a re  
p re s e n te d  i n  T ab le  11« T hese d a ta  w ere  a n a ly z e d  s t a t i s t i c a l l y  and 
th e  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  o f  th e  v a r i e t i e s  a t  t h e  3 s o i l  
te m p e ra tu re s  w ere s i g n i f i c a n t .  O rth o g o n al co m p ariso n s  o f  th e  
i n d iv id u a l  t r e a tm e n ts  o f  th e  d a ta  a r e  sum m arized in  T ab le  12.
Monroe was s i g n i f i c a n t l y  more r e s i s t a n t  t h a n  e i t h e r  
E a r ly a n a  o r  s t r a i n  W9- 202/4 a t  s o i l  te m p e ra tu re s  o f  I 50 a n £ 25°  C .
At 35° no s ig n i f i c a n t  d if f e re n c e  occu rred  in  s u s c e p t i b i l i t y  o f
50
T ab le  1 1 ,—Pre-em ergence dam ping-off ( P r e ) ,  post-em ergence dam ping- 
o f f  ( p o s t ) ,  and t o t a l  d is e a s e  in c id en ce  (T o ta l)  in  soybean p la n ts  
a f t e r  3 weeks in  P h y to p h th o ra - in fe s te d  W ooster s i l t y  loam m a in ta in ed
a t  th r e e  te m p e ra tu re s .
V a r ie ty
"■"Feir  c e n t o f  p la n ts  d ise a se d
-T5°"C • 25u C. 35u C •
Pre P o st ‘T o ta l !Pre P o st T o ta l  Pre P o st T o ta l
Monroe 7o 3 5 .6 12.9 4 .0 2 .4  6 .4  22.4 73.6 96.0
E arly an a 32 .3 4 9 .2 8 I .5 54 .0 4 1 .9  95*9 67 .8 31.4 9 9 .2
W9- 202U 1*1.9 1*4.4 86 .3 33 .7 4 4 .7  9 8 .4  58.1 41.1 99 .2
T a b le  1 2 .— S ig n if ic a n c e s  o f  o n e -d e g re e -o f- f re e d o m  c o m p ariso n s  be tw een  
th e  t r e a tm e n ts  o f  th e  d a ta  o f  T ab le  1 1 .
T re a tm e n t
15° U . 25u C . 35°
P re P o st T o ta l P re P o s t  T o ta l P re P o s t  T o ta l
M o n ,-E a r ly , 5a 1 1 1 1 1 1 1 ns
Mon.-W9 1 1 1 1 1 1 1 5 ns
E arly .-W 9 ns ns ns ns ns ns ns ns ns
Monroe E a rly a n a W9-2024
15s - 25 ij C . ns ns ns ns ns 1 ns ns ns
i5 ° -3 5 °  c . 5 1 1 1 ns 1 ns ns 5
2 5 - 3 5 °  c • 5 1 1 ns ns ns ns ns ns
a 5 -5  p e r c e n t le v e l o f  s ig n i f ic a n c e
1 -1  p e r c e n t l e v e l  o f  s ig n i f ic a n c e
ns -  n o t s ig n i f i c a n t
Monroe from th e  o th e r  2 v a r i e t i e s .  The d i f f e re n c e  i n  s u s c e p t i b i l i t y  
between E arlyana  and s t r a i n  W9-2024 a t  th e  3 te m p e ra tu re s  was not 
s ig n i f i c a n t .
The d if f e re n c e  in  s u s c e p t i b i l i t y  o f Monroe a t  35° 0 ,  and 
th e  o th e r  te m p era tu re s  was h ig h ly  s i g n i f i c a n t ,  E a rly an a  was 
s ig n i f i c a n t l y  more s u sc e p tib le  a t  35° C , an^ ^ 5°  th a n  a t  th e  
15° C» s o i l  te m p e ra tu re . Soybean s t r a i n  W9-2024 was s ig n i f i c a n t l y  
more su sc e p tib le  a t  35° th a n  a t  I 50 C ,
Soybean v a r i e t i e s  Blackhawk, L in co ln , and H arosoy, were 
u sed  in  a s im i la r  experim ent on th e  e f f e c t  o f  s o i l  te m p e ra tu re s  on 
th e  p a th o g e n ic i ty  o f  th e  P hy tophthora s p e c ie s .  No check p la n ts  
were d iseased #  The r e s u l t s  a re  p re se n te d  in  Table 13* O rthogonal 
com parisons o f  th e  in d iv id u a l  tr e a tm e n ts  o f th e  d a ta  a re  p re se n te d  
in  Table ll+. Blackhawk was s ig n i f i c a n t ly  more r e s i s t a n t  th a n  
e i th e r  L in co ln  o r  Harosoy a t  th e  3 s o i l  te m p era tu res#  The 
d i f f e r e n c e s  in  s u s c e p t i b i l i t y  between L in co ln  and Harosoy a t  a l l  
te m p e ra tu re s  were no t s ig n if ic a n t#
Blackhawk was s ig n i f i c a n t l y  more s u sc e p tib le  a t  35° 
th a n  a t  e i th e r  I 50 or 25° C• Both L in co ln  and Harosoy were 
s ig n i f i c a n t l y  more s u s c e p t ib le  a t  25° and 35° th a n  a t  I 50 C#
At 35° C#, a h igh  in c id en ce  o f  post-em ergenee dam ping-o ff o ccu rred  
in  Blackhawk and Monroe#
Table 13#— Pre-em ergence dam ping-off ( p r e ) ,  post-em ergence danp in g - 
o f f  ( P o s t ) ,  and t o t a l  d is e a se  in c id en ce  (T o ta l)  in  soybean p la n ts  
a f t e r  3 weeks in  P h y to p h th o ra -in f e s te d  W ooster s i l t y  loam m ain ta ined  
" a t  th re e  te m p e ra tu re s .
V a r ie ty
P er c e n t o f  p la n ts d ise a se d
C• 2cu C• 35° u *
Bre P o st T o ta l Pre to s t T o ta l P re £ o st T o ta l
Blackhawk 1+.9 0 .0 4 .9 5#6 3 .2 8#8 16.1 61.3 77.li-
L inco ln 39 .7 5U.5 9U.2 1*0 .2 59 .0 99 .2 33 .6 61+.C 97 .6
Harosoy 20.8 68.8 89.6 22.0 76.ii. 98.1+ 9 .8 89 .3 99 .1
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T ab le  11+.—S ig n if ic a n c e s  o f o n e -d eg ree -o f-freed o m  com parisons 
betw een th e  tre a tm e n ts  o f  th e  d a ta  o f  Table 13. ______
Treatm ent
T ^ C T  ' ? 5cr c 7  ‘ c 0 •
P re  P o s t T o ta l P re  P o st T o ta l P re P o s t T o ta l
B la c k .-L in . l a l  1 1 1 1 1 ns 1
B la c k .-H a r . 5 1 1 ns 1 1 ns 1 1
L in .-H a r . 5 5 ns 5 5 ns 1 1 ns
Blackhawk L inco ln Harosoy
I 5O..250 c . ns ns ns ns ns 5 ns ns 5
l5 ° -5 5 °  c . 5 1 1 ns ns 5 ns 5 5250-350 c . 5 1 1 ns ns ns ns ns ns
a 1-1 p e r  c e n t le v e l  o f  s ig n if ic a n c e
5-5  per c e n t le v e l  o f s ig n if ic a n c e  
ns -  n o t s ig n i f i c a n t
E f f e c t  o f o th e r  fu n g i
A re p re s e n ta t iv e  sp e c ie s  o f  B'usarium, f re q u e n tly  
i s o la te d  p r io r  to  th e  i s o la t io n  o f  th e  pathogen ic  F h y toph tho ra , 
was used to  study th e  e f f e c t  o f o th e r  fu n g i on th e  p a th o g e n ic ity  
o f  i h i s  o rgan ism . Loam was in f e s te d  w ith  th e  Fusarium  sp e c ie s  
a lo n e , w ith  th e  P hy toph thora  sp e c ie s  a lo n e , and w ith  a  m ix tu re  
o f  th e  2 f u n g i .  The fu n g i were in c re a s e d  in  p c ta to -d e x tro s e  
b ro th  fo r  2 w eeks, and 100 ml o f  th e  inoculum  were added to  
each 6 -in c h  p o t o f loam. Each tre a tm e n t was r e p l ic a te d  I4 tim es*  
The r e s u l t s  a re  p re se n te d  in  Table I 5 .
The d if f e re n c e s  between tre a tm e n ts  weie s ig n i f i c a n t .
No symptoms o ccu rred  in  p la n ts  growing in  s o i l  in f e s te d  w ith  th e  
Fusarium  sp ec ie s*  S ig n if ic a n t ly  le s s  d is e a se  in c id en ce  o ccu rred  
in  p la n ts  i n  s o i l  in f e s te d  w ith  a com bination  o f  th e  fu n g i th a n  
in  s o i l  in fe s te d  w ith  Phy toph thora o n ly . The d if f e re n c e  in
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Table 15. —D isease  in c id e n c e  in  E arlyana  soybean p la n ts  a f t e r  
3 weeks in  s o i l  in f e s te d  w ith : P h y to p h th o ra , Fusarium , and a 
__________________com bination  o f  th e se  2 f u n g i .__________________








Phytophthora 59.2 2+0.8 100.0
Fusarium 0.0 0.0 0.0
Phjrfcophthora and 
Fusarium 14.3 62 .2 76 .5
s u s c e p t i b i l i t y  o f  soybean p la n ts  i n  th e  s o i l  in f e s te d  w ith  bo th  
fu n g i and in  P h y to p h th o ra -in f e s te d  loam was h ig h ly  s i g n i f i c a n t .
The d if f e re n c e  in  r e s is ta n c e  o f p la n ts  to  post-em ergence dam ping- 
o f f  in  s o i l  in f e s te d  w ith  th e  com bination  o f fu n g i and in  P h y to p h th o ra-  
in f e s te d  s o i l  was n o t s i g n i f i c a n t .
The e f f e c t  o f  o th e r  organism s on th e  -v iru lence  o f the 
P hytoph thora  sp e c ie s  was in v e s t ig a te d .  S o il  was o b ta in e d  from  a 
f i e l d  in  w hich soybeans had been c u l t iv a te d  f o r  2 co n secu tiv e  
y e a r s ,  b u t in  which no ro o t r o t  ap p ea red . One p o r t io n  o f  th e  
s o i l  was a u to c la v e d : h a l f  o f  i t  was in f e s te d  w ith  P h y to p h th o ra .
The o th e r  p o r t io n  o f s o i l  was no t a u to c la v e d  b u t h a l f  o f  i t  m s  
in f e s t e d .  1 'w enty-five Harosoy soybean seeds were p la n te d  in  each 
6- in c h  po t o f s o i l .  The r e s u l t s  a re  p re se n te d  in  Table 16. The 
d if f e re n c e  in  s e v e r i ty  o f  th e  d ise a se  in  steam ed, P h y to p h th o ra - 
in f e s te d  s o i l  and in  non-steam ed, in f e s te d  s o i l  was h ig h ly  
s ig n i f i c a n t .
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T able 1 6 . - - D isease  in c id en ce  in  Harosoy soybean p la n ts  a f t e r
3 weeks in  P h y to p h th o r a - in f e s te d , steam ed and  n o n -steam ed  s o i l .
P e rc e n ta g e  o f  d is e a s e d  p lan ts* 1
T re a tm e n t
P re -em erg en ce  
d a m p in g -o ff
P o s t-em erg en ce  T o ta l  
d a m p in g -o ff  d i s e a s e
N on-steam ed , 
i n f e s t e d  s o i l  
N on-steam ed , 
n o n - in f e s te d  i 
S team ed,
in f e s t e d  s o i l
l i+ .l
s o i l  0 .0  
1 8 .2
U7.5 61 .6  
0 .0  0 .0  
76 .8  9 5 .0
a  No d is e a s e d  p l a n t s  i n  c h e ck s  ( s te a m e d , n o n - in f e s te d  s o i l ) .
Inocu lum  c o n c e n t r a t io n
The in o cu lu m , u se d  th ro u g h o u t t h i s  w ork , c o n s i s t e d  o f 
100 ml o f  2-week o ld  c u l tu r e  i n  p o ta to - d e x t r o s e  b r o th  p e r  e a c h
6 - in c h  p o t  o f  s o i l .  To s tu d y  th e  e f f e c t  o f  tim e on p o s t-e m e rg en c e  
d i s e a s e  in c id e n c e ,  u s in g  v a r io u s  c o n c e n t r a t io n s  o f  inocu lum , th e  
s to c k  inocu lum  (X) was d i l u t e d  l / lO  ,  l /lO O , l/lO O Q , and l / l 0 , 0 0 0 ,  
r e s p e c t i v e ly  w ith  d i s t i l l e d  w a t e r .  H e r e a f t e r ;  l / l O  e q u a ls  X /lO , 
l/lO O  e q u a ls  X/lOO, l/lOOO e q u a ls  X/lOOO, and l / l 0 ,0 0 0  e q u a ls  
X / l0 ,0 0 0 .  At 1-w eek i n t e r v a l s  f o r  3 w e e k s , d a ta  on d i s e a s e  
in c id e n c e  w as r e c o r d e d .  Most o f  th e  s e e d l in g s  in  th e  n o n - in f e s te d  
s o i l  em erged w i th in  th e  f i r s t  w eek . The r e s u l t s  a r e  p re s e n te d  
in  F ig u re  18 . No d is e a s e  symptoms w ere  e v id e n t  i n  p l a n t s  grow ing 
i n  s o i l  i n f e s te d  w ith  X/lOOC and X /l0 ,0 0 0  c o n c e n t r a t io n s  o f 
in o cu lu m . A t X, X /lO , and X/lOO c o n c e n t r a t io n s ,  d is e a s e  in c id e n c e  
v a r i e d  d i r e c t l y  w ith  t im e .  The ro o t  r o t  w as more s e v e re  a t  th e  X 






W t E K S
F ig u re  18»—Post-em ergence d is e a s e  in c id en ce  in  
L in co ln  soybean p la n ts  a t  1 , 2 , and 3 -week in te r v a ls  
in  s o i l  in fe s te d  w ith  v a r io u s  c o n c e n tra tio n s  of 
P hytoph thora  inoculum .
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At th e  X c o n c e n tra t io n , th e  d is e a s e  in c id en ce  in c re a se d  
m arkedly d u rin g  th e  f i r s t  and second week but tended  to  le v e l - o f f  
a f t e r  2 w eeks. Such l im i t in g  f a c t o r s  a s  th e  number o f  p la n ts ,  
an tagonism  o f s o i l  m icroorgan ism s, and th e  accum ula tion  o f  to x ic  
su b stan ces  may be o p e ra t in g  a t  t h i s  tim e .
D isease  in c id en ce  in c re a se d  g ra d u a lly  d u rin g  th e  f i r s t  
and second weeks a t  th e  X/lO c o n c e n tr a t io n .  A f te r  th e  second 
week, th e  d is e a s e  in c id en ce  in c re a se d  3 h a rp ly . T h is in c re a s e  was 
of th e  approxim ate m agnitude as t h a t  which o ccu rred  a t  th e  X 
c o n c e n tra t io n .
At th e  X/lQO c o n c e n tra t io n , no d is e a se  developed  u n t i l  
a f t e r  th e  f i r s t  w eek. T h e re a f te r ,  th e  d ise a se  in c id en ce  in c re a se d  
very  s l i g h t l y .
The e f f e c t  o f v a r io u s  d i l u t io n s  o f  P hy toph thora  inoculum  
on d is e a s e  in c id en ce  in  L inco ln  soybean p la n ts  a f t e r  3 weeks was 
s tu d ie d .  P ercen tage  o f d ise a se d  p la n ts  was c a lc u la te d  on th e  b a s is  
o f  th e  number o f  seeds p la n te d .  No d ise a se d  p la n ts  w ere found in  
th e  ch eck s. The r e s u l t s  a re  i l l u s t r a t e d  in  P ig iro  19, and th e  d a ta  
a re  summarized in  Table 17.
Table 17* —D isease  in c id en ce  in  L inco ln  soybean p la n ts  a f t e r  3 weeks 
in  s o i l  in fe s te d  w ith  v a r io u s  inoculum  c o n c e n tra tio n s  o f P h y to p h th o ra«
P e r c e n t age o f  d i s e a s e d  p l a n t s  
P re -em ergence  P o s t-em erg en ce  T o ta l
C o n c e n tra tio n s  dam ping-off dam ping-off d ise a se
X , 39.2 5U.0  93.2
x / io  19.2 31.0 50.2
x/100 0.3 3 .0  3.3
x/1000 0 .0  0 .0  0 .0










O NCE N TR AT I O N S  OF
F igure  1 9 » ~ D isease  in c id en ce  o f L inco ln  
soybean p la n t3 a f t e r  3 weeks i n  s o i l  
in f e s te d  w ith  d i f f e r e n t  c o n c e n tra tio n s  o f  
Phy toph thora inoculum .
The d i f f e r e n c e s  betw een th e  t r e a t m e n t s  w ere  s i g n i f i c a n t .  
S i g n i f i c a n t l y  more d i s e a s e  was e v id e n t  a t  t h e  X c o n c e n t r a t i o n  t h a n  
a t  a l l  o t h e r  c o n c e n t r a t i o n s .  The d i f f e r e n c e s  i n  d i s e a s e  in c id e n c e  
be tw een  X/lO and a l l  low er c o n c e n t r a t i o n s  w ere  h i g h ly  s i g n i f i c a n t .  
The d i f f e r e n c e s  i n  t h e  p e r  c e n t  o f  d i s e a s e  a t  t h e  X/lOO and t h e  
o t h e r  2 low er c o n c e n t r a t i o n s  w ere  n o t  s i g n i f i c a n t .
Under t h e  c o n d i t io n s  o f  t h i s  e x p e r im e n t ,  t h e  d i s e a s e  
in c id e n c e  was a  f u n c t i o n  o f  th e  l o g a r i th m  o f  t h e  c o n c e n t r a t i o n  o f  
P h y to p h th o ra  inocu lum  i n  t h e  s o i l  ( s e e  F ig u re  19)•
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C o n tro l M easures 
The u se  o f  r e s i s t a n t  v a r i e t i e s ,  chem ica l s e e d - tr e a tm e n ts , 
a d d i t io n  o f  s o i l  amendments, and crop  r o ta t io n  a re  U p o s s ib le  
methods o f c o n t ro l l in g  s o il-b o rn e  p la n t  pathogens* The in v e s t ig a ­
t i o n s  h e re in  w ere c o n fin e d  to  th e se  m easures and only  in d i r e c t  
ev idence was o b ta in e d  fo r  th e  l a t t e r  measure*
Soybean v a r i e t a l  t e s t s
Four soybean v a r i e t i e s  a re  recommended f o r  Ohio ( 5)*
These a re  Monroe, L in co ln , Hawkeye, and Harosoy*
Monroe i s  co n fin ed  to  th e  n o rth e rn  p a r t  o f  th e  s ta t e  
where e a r l in e s s  i s  a prim e f a c t o r .
L in co ln , the  l a t e s t  m atu rin g  v a r ie ty  recommended f o r  
Ohio, i s  co n fin e d  to  th e  so u th ern  h a l f  o f  th e  s t a t e .  The h ig h  
y ie ld  and h ig h  o i l  c o n te n t o f  t h i s  v a r i e ty  have n ev er been s u r ­
passed  in  th e  s t a t e .
Hawkeye, 8 days e a r l i e r  th a n  L in co ln  and 10 days l a t e r  
th a n  Monroe, i s  th e  b e s t  v a r ie ty  in  m a tu rity  Group I I  in  y ie ld  
and o i l  c o n te n t .
H arosoy, re le a s e d  in  195^» i s  3 days e a r l i e r  th a n  Hawkeye 
and i s  more r e s i s t a n t  to  stem c a n k e r .
A lthough th e  v a r i e t i e s  a re  n o t on th e  recommended l i s t ,  
la rg e  a c re a g e s  o f  Blackhawk, Bavender, E a rly a n a , and Adams a re  
s t i l l  p la n te d  in  Ohio*
OH-53  I s  a s e le c t io n  from  Bavender, made by th e  w r i t e r  
a t  Oak H arbor, Ohio, in  1953* ^ h is  3 i te  was th e  one chosen fo r  th e  
d is e a s e  n u rse ry  in  195U* The s e le c t io n  was made in  a f i e l d  o f soybeans
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in  w hich p r a c t i c a l ly  every  p la n t  exam ined, excep t 2 , had symptoms 
o f the  ro o t ro t*  The seeds o f  th e se  p la n ts  were p ro cessed  and 
saved fo r  f u r th e r  e v a lu a t io n .  Because o f  th e  perform ance o f 
OH-53  in  th e  n u rse ry  and in  p re lim in a ry  greenhouse t e s t s ,  i t  
w arran ted  f u r th e r  study*
OH-53  i s  a member o f  m a tu r ity  Group I I ,  has gray
pubescence, p u rp le  f lo w e rs , 3“ an(i  4 -seed ed  pods, and ye llow
seeds w ith  lig h t-b ro w n  h i l a .
The L .S .D . ( l e a s t  s ig n i f ic a n t  d i f f e r e n c e )  between th e  
v a r i e ty  means f o r  s u s c e p t i b i l i t y  to  th e  P hy toph thora  ro o t  r o t  
was determ ined  by th e  a n a ly s is  o f  v a r ia n c e  t e s t *  The r e s u l t s
a re  summarized in  Table 18.
Table 1 8 .—Mean number o f soybean p la n ts  in  P hy toph tho ra- in f e s te d
loam a f t e r 3 weeksa .
K ille d  befo re K ille d  a f t e r T o ta l
V arie ty emergence emergence d ise a se d
OH-53 1.05 0.25 1.30
Monroe 1 .55 O .5O 2.05
Blackhawk k .3 0 2 .7 5 7 .05
Haroscy ip, 50 19.00 23.50
Adams 9 .5 0 14.50 21).. 00
Hawkeye 5 .75 19.00 2 4 .75
L in co ln 11.50 13.50 25.00
L.S.D . 1% 5.00 4 .9 2 2 .66
L .S .D . 3% 3.68 3 .62 1.96
a Mean o f  4  r e p l i c a t io n s  o f  25 seeds each ; no d ise a se d  p la n ts  
in  ch eck s.
Soybean s t r a i n  OH~53» Monroe, and Blackhawk were 
s ig n i f i c a n t l y  more r e s i s t a n t  than  H aroscy, Adams, Hawkeye, o r 
L in co ln . The d if f e re n c e s  in  s u s c e p t i b i l i t y  between Monroe and 
Blackhawk and between OH-53 and Blackhawk were h ig h ly  s ig n if ic a n t*
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No s ig n i f i c a n t  d if f e re n c e  in  r e s is ta n c e  e x is te d  between OH-53 an<l 
Monroe. The d i f f e r e n c e s  in  s u s c e p t i b i l i t y  between H arosoy, Adams, 
Hawkeye, and L in co ln  were n o t s i g n i f i c a n t .  L inco ln  and Adams 
were s ig n i f i c a n t ly  more s u sc e p tib le  to  pre-em ergence dam ping-off 
th a n  -the o th e r  soybean v a r i e t i e s *  Soybean s t r a i n  OH-53* Monroe, 
and Blackhawk w ere s ig n i f i c a n t l y  more r e s i s t a n t  to  post-em ergence 
dam ping-off th a n  th e  o th e r  v a r i e t i e s *  The d i f f e r e n c e s  between 
OH-53* Monroe, and Blackhawk in  s u s c e p t ib i l i ty  to  p r e -  o r p o s t ­
emergence dam ping-off were n o t s ig n if ic a n t*
Bavender seed was no t a v a i la b le  f o r  t h i 3  t e s t .  Sub­
se q u e n tly , seed was o b ta in ed  and ih e  s u s c e p t i b i l i t y  t o  the  
P hy toph tho ra  sp e c ie s  o f  Bavender and OH-53 was com pared. The 
r e s u l t s  a re  p re s e n te d  in  Table 19 . S t r a in  OH-53 was s ig n i f i c a n t ly  
more r e s i s t a n t  th a n  Bavender (F ig u re  2 0 ) .
Table  19*—H is e a s e  in c id e n c e  i n  soybean p l a n t s  a f t e r  3 weeks i n  
P h y t o p h th o r a - i n f e s t e d  loam.
P e rc e n t age o f  d i s e a s e d  p l a n t s
Var i e t y
F re -em ergence  
d a m p in g -o ff
F o s t-em ergence  
d a m p in g -o ff
T o t a l









Seed t re a tm e n t3
I t  was th o u g h t  t h a t  t r e a t i n g  soybean  s e e d s  w i th  com m ercial 
f u n g i c i d e s  m ight c o n t r o l  p re -em ergence  d a m p in g -o f f  and seed  d e c a y .  
The s e e d - t r e a tm e n t  compounds and t h e i r  c o m p o s i t io n  a r e  l i s t e d  i n  
T ab le  2 0 .  A l l  t h e s e  m a t e r i a l s  w ere  a p p l i e d  a t  th e  r a t e  o f  2 o z .  
p e r  b u s h e l .  I n  th e  c h e c k s ,  i n  w h ich  th e  t r e a t e d - s e e d s  were p l a n t e d
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F ig u re  2 0 , —E le v e n -d a y  o ld  soybean  p l a n t s  i n  non- 
i n f e s t e d  s o i l  ( t o p  ro w ) ,  and  P h y to p h th o ra - i n f e s t e d  
s o i l  (b o t to m  rc w ) .  Bavender ( L ) ,  a n d  OH-53(s).
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i n  n o n - i n f e s t e d ,  s team ed s o i l ,  t h e  p l a n t s  w ere  h e a l t h y  and 
v i g o r o u s .
Table  2 0 . — F u n g ic id e s  u se d  i n  t h e  t r e a tm e n t  o f  soybean  seed s  
p l a n t e d  i n  P h y t o p h t h o r a - i n f e s t e d  s o i l s .
C o ined  Name and 
P e r  C en t  o f  
A c t iv e
T rade  Name__________ M a te r i a l________ A c t iv e  M a te r i a l_____________
Q rth o c id e  75 N - ( t r i c h l o r o m e t h y l t h i o  )-!*.-
Seed P r o t e c t a n t  c a p t a n ,  75*0 c y c lo h e x e n e - l ,2 - d i c a r b o x im id e
A ra s a n  t h i r a m ,  5O.O t e t r a m e t h y l t h i u r a m  d i s u l f i d e
S pe rgon  c h l o r a n i l ,  9 8 .0  t e t r a c h l o r o - p - b e n z o q u i n o n e
Phygon d i c h l o n e ,  97«0 2 , 3- d i c h l o r o - l , i 4.-naph thoquinone
e t h y l  m ercu ry  p - to lu e n e  
C e r e s a n  M 7*1 s u l f o n a n i l i d e
These d a t a  w ere s u b je c t e d  t o  t h e  a n a l y s i s  o f  v a r i a n c e  
t e s t ,  i n  w hich  t h e  c h e ck  was c o n s id e r e d  a s  a  t r e a t m e n t .  The 
d i f f e r e n c e s  i n  d i s e a s e  in c id e n c e  betw een  t r e a t m e n t s  and th e  
c h e c k  w ere  n o t  s i g n i f i c a n t .  Some o f  t h e  d i f f e r e n c e s  be tw een  
th e  t r e a t m e n t s  w ere  s t a t i s t i c a l l y  s i g n i f i c a n t ,  how ever. The d a t a  
o f  t h e  s e e d - t r e a tm e n t  e x p e r im e n t s  a r e  p r e s e n t e d  i n  T a b le s  21 and
2 2 .  The r e s u l t s  a r e  i l l u s t r a t e d  i n  F ig u r e s  21 and  2 2 .
C e re s a n  M, a p p l i e d  a t  t h e  r a t e  o f  2 o z .  p e r  b u s h e l ,  
was p h y to to x ic  t o  soybean s e e d l i n g s .  A f t e r  3 w e e k s ,  m ost p l a n t s  
f rom  C e re sa n  M - t r e a te d  seed  were o n ly  i n  t h e  c o ty le d o n a r y  s ta g e  
w h ereas  a  few  w ere o f  norm al s i z e .  These s e e d l i n g s  w ere  s w o l le n  
c o n s id e r a b l y  a t  t h e  h y p o c o ty ls  and  b a s a l  p o r t i o n  o f  th e  s te m s .  
Thiram -and c a p t a n - t r e a t e d  seeds  were s i g n i f i c a n t l y  l e s s  s u s c e p t i b l e
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T able 2 1 .— D isease  in c id en ce  and s e e d lin g  emergence in  Harosoy 
soybean p la n ts  a f t e r  3 weeks from  seed t r e a te d  w rtn  fungiojuucs 
and p la n te d  in  P h y to p h th o ra - in fe s te d  loam*
P ercen tag e  o f  d ise a se d  p la n ts 11
Pre-em ergence Po st-em ergence T o ta l P er cen t
T reatm ent dam ping-off dam ping-off d is e a s e emergence
c a p ta n 6 .0 77 .0 8 3 .0 100.0
th ira m 7 .0 76 .0 83 .0 100.0
c h lo r a n i l 10.0 78 .0 88 .0 100.0
C eresan  M 24.2 71 .0 95 .2 97 .0
None 15.2 76 .0 91 .2 9 9 .0
a  No d ise a se d  p la n ts  in  checks; 1+ r e p l i c a t e s  o f 25 seed s  eac h .
Table 2 2 .—D isease  in c id en ce  and se e d lin g  emergence in  E arlyana 
soybean p la n ts  a f t e r  3 weeks from  seed  t r e a te d  w ith  fh n g ic id e s  
and p la n te d  in  P h y to p h th o ra - in fe s te d  Toledo s i l t y  c la y .




Po st-em ergence 
dam ping-off
T o ta l
d ise a se
Per cent 
emergence
d ic h lo n e 47 .2 50.0 97 .2 97 .0
th ira m 9 .2 85 . C 91+.2 9 9 .0
c h lo r a n i l 19.2 75*0 94 .2 98 .0
c a p ta n 8.2 81+.C 92.2 100.0
None 29 .2 67 .0 96 .2 9 9 .0
a  No d ise a se d  p la n ts  i n  checks; I; r e p l i c a te s  o f  25  seeds each .
to  pre-em ergence dam ping-o ff th a n  th o se  t r e a te d  w ith  C eresan  M. 
Less pre-em ergence dam ping-o ff o ccu rred  from th e  cap tan -an d  
th i r a m - tr e a te d  Harosoy seed th a n  from n o n - tre a te d  seed , bu t most 
o f th e se  se e d lin g s  were a f f e c te d  l a t e r .  T his was a ls o  tru e  fo r  
th e  sane 2 compounds on E arlyana seed p la n te d  in  P h y to p h th o ra -
in f e s te d  Toledo s i l t y  c la y .
P la n ts  from d ic h lo n e - tr e a te d  seeds were s ig n i f i c a n t ly  
more su sc e p tib le  to  p re -  and post-em ergence dam ping-off th a n  th o s e
Figure  2 1 .—Twenty-two day o ld  soybean p la n ts  from 
c h e m ic a lly - tre a te d  se e d . Top row, n o n - in fe s te d  s o i l ;  
bottom  row, P h y to p h th o ra - in fe s te d  s o i l .  No tre a tm e n t 
(NT), c h lo r a n i l  ( s ) ,  and c a p ta n  ( 0 ) .
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F igu re  2 2 .- - -Twenty-two day o ld  soybean p la n ts  from 
c h e m ic a lly - tre a te d  seed . Top row, n o n - in fe s te d  s o i l ;  
bottom  row, P h y to p h th o ra - in fe s te d  s o i l .  No tre a tm e n t 
(NT), C eresan  M ( P ) ,  and th ira m  (A ). Note p h y to to x ic i ty  
o f C eresan  M (P)«
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from  seeds t r e a t e d  m t h  e i t h e r  c a p ta n  o r  th i r a m . Soybean p la n ts  
frora c h l o r a n i l - t r e a te d  seed s  in  n o n - in fe s te d  steam ed s o i l  were 
s l i g h t l y  s tu n te d  (F ig u re  2 1 ) . C aptan  was s ig n i f i c a n t l y  more 
e f f e c t iv e  th a n  d ic h lo n e . The s e e d lin g  emergence from t r e a t e d -  
soybean seeds in  n o n - in fe s te d  s o i l  was v i r t u a l l y  100 per c e n t .  
F e r t i l i z e r  a p p l ic a t io n s
The e f f e c t  o f  f e r t i l i z e r  on th e  d is e a s e  in c id en ce  o f  
L in co ln  soybeans was s tu d ie d .  0 -20-20  f e r t i l i z e r  was a p p l ie d  
to  Toledo s i l t y  c lay  a t  th e  r a te s  o f  200 and 1+00 pounds p e r  a c r e ,  
r e s p e c t iv e ly .  One hundred ml o f a  2-week o ld  P hy toph tho ra  
c u l tu re  in  p o ta to -d e x tro s e  b ro th  were added t o  each  6- in c h  po t 
o f s o i l .  The checks c o n s is te d  of n o n - in fe s te d  s o i l  to  w hich 
f e r t i l i z e r  was a p p lie d  a t  th e  same r a t e s .  The d a ta  a re  p re se n te d  
in  Table 23 and th e  r e s u l t s  a re  i l l u s t r a t e d  in  F igure  23.
T ab le 23 . - -D ise a se  in c id en ce  and s e e d lin g  emergence o f L in co ln  
soybean p la n ts  a f t e r  3 weeks in  P h y to p h th o ra - in fe s te d  Toledo 
_______3 i l t y  c la y  to  w hich  0 -20 -20  f e r t i l i z e r  was added . ____






T o ta l
d is e a se
P er cen t 
emergence
F e r t i l i z e r -  
200 lb s /a c r e 3U.2 65 .C 99 .2 99 .0
F e r t i l i z e r -  
1+00 lb s /a c r e 52.0 1+8 .0 100.C 100.0
Check 51.0 1+7.0 98.0 98.0
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F ig u re  2 3 . —Ten-day o ld  L in c o ln  soybean  p l a n t s  i n  
s o i l  t o  -which 0 -2 0 -2 0  f e r t i l i z e r  was a d d e d .  Top row , 
n o n - i n f e s t e d  s o i l ;  bo ttom  row, P h y to p h th o ra - i n f e s t e d  
s o i l .  Wo f e r t i l i z e r  ( TJT) ,  200 p o u n d s /a c re  (A ) ,  and 
J4.OO p o u n d s /a c re  ( E ) .
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The d if f e r e n c e s  betw een th e  f e r t i l i z e r  tre a tm e n ts  and 
th e  ch ec k , in  re g a rd  to  t o t a l  d is e a se  in c id e n c e , were no t 
s i g n i f i c a n t .  S ig n i f ic a n t ly  more post-em ergence dam ping-off 
o ccu rred  a t  th e  2 0 0 -p o u n d -p er-acre  f e r t i l i z e r  t r e a tm e n t  th a n  in  
th e  ch eck . At th e  1+00-pound-per-acre a p p l ic a t io n ,  s i g n i f i c a n t l y  
more pre-em ergence dam ping-off was e v id e n t th a n  a t  th e  200-pound- 
p e r -a c re  t r e a tm e n t .  S e e d lin g  emergence was v i r t u a l l y  100 p e r  c e n t 
in  a l l  t r e a tm e n ts .
Suspect range
A number o f p la n t  sp e c ie s  w ere t e s t e d  f o r  s u s c e p t i b i l i t y  
to  the P hy toph thora  s p e c ie s .  V a r ie t ie s  w hich  a re  commonly 
c u l t iv a te d  in  N orthw estern  Ohio were u se d . As a check  on th e  
v i a b i l i t y  o f the inoculum , E arlyana  soybean seeds were p la n te d  in  
in f e s te d  s o i l .  Checks c o n s is te d  o f  seed s  p la n te d  in  steam ed, 
n o n - in fe s te d  s o i l .  The r e s u l t s  a re  summarized in  Table 21+. These 
d a ta  w ere based  on th e  r e s u l t s  o f  2 r e p l i c a t io n s  o f  50 seeds each .
T able 21+.—P er c e n t g erm in a tio n  o f  v a r io u s  c ro p s  in  steam ed and in  
P h y to p h th o ra - in fe s te d  loam a f t e r  3 w eek s.
Crop
G erm ination -P er c e n t o f  seed s p la n te d
V a rie ty S teaned s o i l In fe s te d  s o i l
Oats C lin to n  59 100.0 99 .0
Timothy 100.0 99 .0
A lf a l f a Ranger 99 .0 9 8 .0
Red c lo v e r Kenland 99 .0 100.0
Corn Ohio C 5I+ 98 .0 99 .0
Wheat Thorne 97.0 98 .0
Soybeans E arlyana 9 7 .0 0 .0
The P hy toph thora  ro o t r o t  o f soybeans o ccu rs  in  N orth­
w es te rn  Ohio in  the o ld  la k e-b ed  s o i l s  such a s  B rookston , C ly d e , 
and Toledo s i l t y  c lay s*  In  such s o i l s ,  th e  d is e a se  i s  u s u a lly  
more sev e re  in  p o o rly  d ra in e d  p a r ts  o f  th e  f i e l d .  The h igh  w a te r-  
r e ta in in g  c a p a c ity  o f  c la y  s o i l s  may be more s u ite d  f o r  th e  
s u rv iv a l  and in c re a se  o f  th e  organism  th a n  l i g h t e r  s o i l  ty p e s .
The r e la t io n s h ip  between s o i l -w a te r  and p a th o g e n ic i ty  o f th e  fungus 
needs to  be in v e s t ig a te d .  In  th e  g reenhouse , sev ere  d is e a se  
in c id en ce  was ev idenced  in  soybean p la n ts  o f s u sc e p tib le  v a r i e t i e s  
in  P h y to p h th o ra - in fe s te d  sand and loam . In  n a tu r e ,  th e  d i s t r i b u ­
t i o n  and s u rv iv a l o f  th e  inoculum  and no t s o i l  ty p e s  may be 
l im i t in g  f a c to r s  in  th e  d i s t r i b u t i o n  o f  t h i s  ro o t r o t  o f  soybeans.
The r a t e  and t o t a l  amount o f r a d ia l  growth o f th e  
P hy toph thora sp ec ie s  v a r ie d  c o n s id e ra b ly  on d i f f e r e n t  media and 
a t  v a r io u s  te m p e ra tu re s . In  d e s c r ib in g  or id e n t i f y in g  an  organism  
th e r e f o r e ,  i t  i s  n ece ssa ry  to  s p e c ify  th e  medium upon w hich th e  
fungus i s  c u l tu r e d .
The optimum pH fo r  growth in  d iam ete r o f th e  P hy tophthora 
c o lo n ie s  on b u ffe re d  co rn  m eal a g a r  was 9 w hich i s  u n u su a l a s  
most o f th e  pH optim a re p o r te d  fo r  many fu n g i a re  le s s  th a n  7 C15)• 
A secondary optimum o ccu rred  a t  ap p ro x im ate ly  pH 6 . J .  The 
secondary  peaks f o r  many fu n g i occur a t ,  or n e a r ,  the n e u t r a l  
p o in t ( 15)* The pH v a lu e s  in  th e  a lk a l in e  s e r i e s  were s l ig h t ly  
lower th a n  th e  i n i t i a l  v a lu e s .  T h is  d e c re a se  in  a l k a l i n i t y  may
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be ex p la in ed  on th e  b a s is  o f  th e  p ro d u c tio n  o f  CQp o r o rg an ic  
su b s tan ces  a s  a r e s u l t  o f  th e  m e tab o lic  a c t i v i t i e s  o f  th e  fu n g u s . 
The phy sio lo g y  o f  th e  organism  in  re g a rd  to  the  p o s s ib le  p ro d u c tio n  
o f  su b s tan ces  to x ic  to  th e  h o s t should  be s tu d ie d .
U s in g  t h e  monograph o f  T u c te r  ( 2J4.) ,  th e  s p e c i e s  o f  t h i s  
fu n g u s  was n o t  s a t i s f a c t o r i l y  i d e n t i f i e d .  The s p e c i e s  o f  t h i s  
P h y to p h th o ra  w a r r a n t s  i d e n t i f i c a t i o n .
Two r e s i s t a n t  soybean v a r i e t i e s  o f  m a tu r ity  Group I I ,  
Monroe and Blackhawk, were s ig n i f i c a n t l y  more s u sc e p tib le  a t  a 
s o i l  te m p era tu re  o f 35° th a n  a t  e i t h e r  I 50 o r 25° C . The la rg e r  
p o r t io n  o f  th e  d is e a s e  in c id en ce  in  b o th  v a r i e t i e s  a t  35° C* was 
post-em ergence d am p in g -o ff. The n a tu re  and mechanism o f s u s c e p t­
i b i l i t y  o f  th e s e  2 v a r i e t i e s  a t  a s o i l  te m p era tu re  o f  35° ^ • 
w a rra n ts  in v e s t ig a t io n .  The s u s c e p t i b i l i t y  o f Blackhawk and Monroe 
a t  35P G. may no t be h ig h ly  s ig n i f i c a n t  from  a p r a c t i c a l  s ta n d p o in t 
a s  r e l a t i v e l y  low s o i l  te m p e ra tu re s  u s u a lly  p r e v a i l  d u rin g  th e  
e a r ly  sp r in g  when most o f  th e  soybean a c re ag e  i s  p la n te d  in  Ohio. 
F u rth erm o re , no e f f e c t  o f th e  p la n t in g  d a te s  on d is e a se  in c id en ce  
was e v id e n t from th e  f i e l d  r e s u l t s .  Conroe and Blackhawk were 
r e s i s t a n t  under f i e l d  c o n d itio n s  even when seeded a s  l a t e  a s  
June 22*
E vidence  t h a t  v a r i a t i o n s  i n  t h e  q u a n t i t y  o f  P h y to p h th o ra  
inoculum  in f lu e n c e d  d i s e a s e  i n c id e n c e  i n  soybean  p l a n t s  i n  s team ed , 
i n f e s t e d  s o i l ,  was o b t a i n e d .  The in c id e n c e  o f  d i s e a s e  was a 
f u n c t i o n  o f  th e  lo g a r i th m  o f  fungus  c o n c e n t r a t i o n  i n  th e  s o i l .
In  any ro o t  r o t t i n g  d is e a s e ,  U p o s s ib le  means o f c o n t ro l  
a re  a v a i l a b l e .  F i r s t ,  th e  c a u s a l  ag en t may be e l im in a te d  from th e  
s o i l  in  th e  immediate v i c i n i t y  o f th e  h o s t .  T h is may be accom plished 
by se e d -tre a tm e n t c h e m ic a ls , o r  th e  s o i l  may be t r e a te d  d i r e c t l y  
w ith  fu n g ic id a l  a g e n ts .  Second, v a r i e t i e s  and s t r a i n s  o f th e  h o s t 
p la n t  may be found or developed  th a t  a re  r e s i s t a n t  to  s o il-b o rn e  
p a th o g en s . T h ird , s o i l  amendments such as  f e r t i l i z e r s  o r lime 
may change th e  p h y sico -ch em ica l n a tu re  o f  th e  s o i l .  T his change, 
in  tu r n ,  a f f e c t s  th e  developm ent o f  th e  d is e a s e .  The f o u r th  
approach  i s  r e la te d  t o  th e  t h i r d  measure and in v o lv e s  a change 
in  th e  s o i l  m ic ro f lo ra  w ith  a r e s u l t a n t  b io lo g ic a l  c o n t ro l  o f  
th e  c a u s a l  organism s by non-patho  genic s o i l  o rg an ism s. Such 
p r a c t ic e s  as  crop  r o ta t io n  and plow ing-under o f  a g reen  manure 
c ro p  a re  in c lu d ed  in  t h i s  m easure.
Soybean seeds t r e a te d  w ith  c a p ta n , d ic h lo n e , th ira m , 
c h lo r a n i l ,  and C eresan  M were p la n te d  in  s o i l ,  h e a v i ly  in f e s te d  
w ith  th e  Phytophthora s p e c ie s .  These chem ica ls  were a p p lie d  a t  
th e  r a te  o f  2 o z . per b u s h e l.  The d i f f e r e n c e s  between th e  t r e a t ­
ments and checks were n o t s i g n i f i c a n t .  The per cen t g erm in a tio n  
o f  th ira m - and c a p ta n - tr e a te d  seeds was b e t t e r  th a n  th a t  o f  non­
t r e a te d  seeds; how ever, s e e d lin g s  from the  t r e a te d - s e e d s  became 
d ise a se d  l a t e r  in  t h e i r  developm ent. These s e e d - tre a tm e n ts  ’were 
a t  s o i l  te m p era tu res  o f ap p ro x im ate ly  26° to  28° C . I t  i s  p o s s ib le  
th a t  some o f th e se  tre a tm e n ts  a re  e f f e c t iv e  a t  lower s o i l  tem pera­
t u r e s .  A h ig h e r r a t e  o f a p p l ic a t io n  may be needed fo r  p r o te c t io n  
o f  th e  soybean seeds d u rin g  g erm ination  in  P h y to p h th o ra - in fe s te d
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s o i l s .  The e f f e c t iv e n e s s  o f  s e e d - tre a tm e n ts  in  th e  f i e l d ,  where 
th e  r e l a t i v e  p a th o g e n ic ity  o f th e  P hytoph thora  sp e c ie s  i s  l e s s ,  
w a rra n ts  in v e s t ig a t io n .
Of th e  4  soybean v a r i e t i e s  recommended fo r  Ohio; H arosoy, 
Hawkeye, L in co ln , and Monroe, only the  l a t t e r  i s  r e s i s t a n t  to  the 
P hy toph tho ra  sp e c ie s  in c i t i n g  a r o o t  r o t  o f  soybeans. A lthough 
th e  v a r i e t i e s  a re  n o t on th e  recommended l i s t ,  la rg e  a c re a g e s  o f  
Blackhawk, Bavender, E a r ly a n a , a id  Adams a re  s t i l l  p la n te d  in  Ohio. 
Of t h i s  g roup , only  Blackhawk i s  r e s i s t a n t .  The v a r i e t i e s  Monroe 
and Blackhawk should  be used where t h i s  r o o t  r o t  o f soybeans i s  
s e v e re •
Of th e  95 soybean v a r i e t i e s  end s t r a i n s  t e s t e d  in  th e  
d is e a s e  n u rs e ry , on ly  a few were r e s i s t a n t .  A d is e a s e  index  o f  1 
was a ss ig n ed  t o  th o s e  s t r a i n s  and v a r i e t i e s  in  w hich th e  d ise a se  
in c id en ce  ranged from 0 to  20 per c e n t .  In  3 o f  th e  5 m a tu r ity  
g ro u p s, no in d ic e s  o f 1 were a s s ig n e d .  In  such in s ta n c e s ,  th e  
s t r a i n s  and v a r i e t i e s  w ith  the low est per c e n t t o t a l  d is e a s e  were 
co n s id e re d  th e  b e s t in  t h e i r  r e s p e c t iv e  m a tu r ity  g roup .
S ince th e  P hy tophthora sp e c ie s  d id  no t grow w e ll on 
v a r io u s  ty p e s  o f s o l id  media a t  low er pH v a lu e s  o f  3 "to 5» ^be 
e f f e c t  o f  0-20-20 f e r t i l i z e r  (pH, approx im ate ly  I4.) on th e  p a th o ­
g e n ic ity  o f the  fungus was in v e s t ig a te d .  The d if f e re n c e s  in  
s u s c e p t ib i l i ty  o f th e  soybean p la n ts  t o  th e  Phytophthora sp e c ie s  
between tre a tm e n ts  and th e  check w ere n o t s ig n i f i c a n t .
Less d is e a se  in c id en ce  was e v id e n t in  soybean p la n ts  
growing in  s o i l  in f e s te d  w i t h  a com bination  of P hy toph thora and
7k
F u sa r iu m  t h a n  i n  s o i l  i n f e s t e d  w i t h  th e  P h y to p h th o ra  s p e c i e s  n n ly -  
A p p a r e n t ly ,  t h e  n o n -p a th o g e n ic  F u sa r iu m  s p e c i e s ,  i n  a s s o c i a t i o n  
w i t h  th e  p a th o g e n ic  s p e c i e s  o f  Phy toph t h o r a , r e s u l t s  i n  l e s s  d i s e a s e  
i n c i d e n c e .  T h is  e f f e c t  e v i d e n t l y  o c c u rs  a t  the  e a r l y  s t a g e s  o f  
d i s e a s e  deve lopm en t a s  ev id e n c e d  by t h e  s e v e r i t y  o f  p re -e m e rg en c e  
d a m p in g - o f f .
I t  i s  s u g g e s te d  t h a t  th e  p a th o g e n ic  Phy toph th o r a  s p e c i e s  
in v a d e s  t h e  soybean  s e e d l i n g s  and e s t a b l i s h e s  a  h o s t - p a r a s i t i c  
r e l a t i o n s h i p .  Soon t h e r e a f t e r ,  s eco n d a ry  o rg a n is m s ,  e s p e c i a l l y  
F u sa r iu m  s p e c i e s ,  e n t e r  v i a  t h e  avenues  o f  e n t r a n c e  a l r e a d y  
e s t a b l i s h e d .  In  t h e  p o s t-e m e rg en c e  dam p ing -o ff  phase  o f  t h e  
d i s e a s e ,  t h e  symptoms a re  c h a r a c t e r i s t i c  o f  t h o s e  i n c i t e d  by w i l t -  
ty p e  p a th o g e n s .  The se c o n d a ry  o rgan ism s  become so r e a d i l y  
e s t a b l i s h e d  i n  t h e  h o s t  t i s s u e  t h a t  i t  i s  d i f f i c u l t  t o  i s o l a t e  
th e  p a th o g e n ic  P h y toph th o r a  s p e c i e s  from d i s e a s e d  soybean  p l a n t s  
o l d e r  t h a n  2 w eeks.
More e v id e n c e  o f  t h e  d e c r e a s e  o f  p a t h o g e n i c i t y  o f  th e  
P h y to p h th o ra  s p e c i e s ,  when i n  a s s o c i a t i o n  w i t h  o t h e r  f u n g i ,  was 
o b t a i n e d .  S o i l  was c o l l e c t e d  from  a f i e l d  i n  w h ic h  no r o o t  r o t  
o c c u r r e d  and a p o r t i o n  o f  i t  was a u to c l a v e d ;  t h e  r e m a in d e r  was 
n o t  s team ed .  Both l o t s  o f  s o i l  were i n f e s t e d  w i th  t h e  P h y to p h th o ra  
s p e c i e s .  A h ig h e r  d i s e a s e  in c id e n c e  wa3 e v id e n c e d  i n  t h e  Harosoy 
p l a n t s  i n  s team ed ,  i n f e s t e d  s o i l  t h a n  i n  t h e  p l a n t s  grow ing  in  
n o n -s te a m e d ,  i n f e s t e d  s o i l .  T h is  e f f e c t  may be t h e  e x p l a n a t i o n  
f o r  th e  d i f f e r e n c e  i n  t h e  d e g re e  o f  v i r u l e n c e  o f  th e  P h y to p h th o ra  
s p e c i e s  u n d e r  f i e l d  and g reenhouse  c o n d i t i o n s .
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O ats, w h ea t, c o rn , tim o th y , red  c lo v e r ,  and a l f a l f a  
w ere n o t s u s c e p tib le  to  th e  P hytoph thora  s p e c ie s .  S ince th e  
fungus i s  no t p a r a s i t i c  to  th e s e  c ro p s , i t  i s  su g g ested  t h a t  th e  
organism  canno t su rv iv e  and in c re a s e  on th e s e  p la n t s .  Any o f 
th e se  crops can be employed where t h i s  d is e a s e  o f  soybeans i s  a 
s e r io u s  problem .
Thus f a r ,  t h i s  P hy toph thora  ro o t  r o t  o f soybeans has 
been found on ly  in  c la y  and s i l t y  c la y  s o i l s  in  N orthw estern  Ohio. 
However, f a c to r s  such as w eather fa v o ra b le  t o  d is e a s e  developm ent, 
c o n t in u a l  c ropp ing  o f scybeans in  th e  same f i e l d ,  and th e  p resence  
o f la rg e  a c re ag es  o f su sc e p tib le  v a r i e t i e s ,  co u ld  r e s u l t  in  a 
s e r io u s  ep idem ic .
SUMMARY
In  1953 antl 195U, a d e s t ru c t iv e  ro o t r o t  o f soybeans 
■was found in  N orthw estern  Ohio. In  195^+, a sp e c ie s  o f P hytoph thora  
was i s o la te d  from  d is e a s e d ,  2-week o ld  soybean s e e d lin g s  a f t e r  
many non -pathogen ic  Fusarium  sp e c ie s  had been f r e q u e n tly  is o la te d  
p re v io u s ly . The c u l tu r a l  c h a r a c t e r i s t i c s  as  w e ll a s  th e  p a th o ­
g e n ic ity  on Bavender soybeans o f th e  P hytoph thora  i s o l a t e s  were 
s im i la r .  One i s o l a t e  was s e le c te d  a t  random and used th ro u g h o u t 
th e  inve s t  .i g a t io n  .
Symptoms o f  th e  d is e a s e  may ap p ea r on soybean p la n ts  
from th s  u n i f o l i a t e - l e a f  s ta g e  t o  th e  pod-fo rm ing  s ta g e .  P re ­
emergence dam ping-off and seed decay ,post-em ergence  d am p in g -o ff, 
and ro o t r o t t in g  a re  3 phases o f  th e  d is e a s e .  In  th e  l a t t e r  
p h ase , s tu n t in g ,  w i l t in g ,  and c h lo ro s is  a re  prom inent e x te rn a l  
symptoms. D is c o lo ra t io n  o f  th e  v a s c u la r  t i s s u e s ,  and an e x te n s iv e  
decay o f  the ro o t system  a re  e v id e n t .
In  I 95U, Toledo s i l t y  c la y  was o b ta in ed  from  f i e l d s  in  
w hich th e  d is e a s e  occu rred  and a p a r t  o f  i t  was steam ed. Soybean 
p la n ts  i n  th e  non-steam ed s o i l  were d ise a se d  w hereas no d ise a se d  
p la n ts  w ere e v id e n t in  th e  steam ed s o i l .
The e f f e c t  o f  te m p e ia tu re  and media on r a d i a l  grcwth 
o f th e  P hy tophthora s p e c ie s ,  over a range o f  te m p e ra tu re s  from 
6° t o  35° VIH3 s tu d ie d .  The growth o f  th e  fungus was b e s t  on 
y e llo w  corn meal a g a r .  The c a rd in a l  te m p e ra tu re s  on t h i s  medium 
w ere: le s s  th a n  6 ° ,  2 6 ° , and  g r e a te r  th a n  35° C*, r e s p e c t iv e ly .
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On p o t a t o - d e x t r o s e ,  m a l t ,  and y e a s t  e x t r a c t  a g a r s ,  t h e  c a r d i n a l  
t e m p e r a tu r e s  w e re :  1 0° ,  2 2 ° ,  a n d  J 0 o C . ,  r e s p e c t i v e l y *  The 
r e s p e c t i v e  c a r d i n a l  t e m p e r a tu r e s  on n u t r i e n t  a g a r  w e r e :  l e s s  
t h a n  6° )  2I4.0 , and 30°  C .
The e f f e c t  o f h y d rogen -ion  c o n c e n tra t io n  on r a d ia l  
grow th o f  th e  P hy toph thora  sp e c ie s  was in v e s t ig a te d .  The optimum 
pH fo r  growth o f  t h i s  fUngus on b u ffe re d  c o rn  meal a g a r  was 9»
A seconda ry  optimum o c c u r r e d  a t  a p p ro x im a te ly  pH 6*3*
The P h y to p h th o ra  r o o t  r o t  o f  soybeans h a s  b e e n  fou n d  
i n  Ohio o n ly  i n  th e  o ld  la k e -b e d  s o i l s  su c h  as  B ro o k s to n ,  C ly d e ,  
and Toledo  s i l t y  c l a y s .  In  such  s o i l s ,  t h e  d i s e a s e  i s  u s u a l l y  
more s e v e r e  i n  p o o r ly  d r a in e d  p a r t s  o f  t h e  f i e l d .
In  th e  g re e n h o u se ,  E a r ly a n a  was s i g n i f i c a n t l y  more 
s u s c e p t i b l e  i n  Toledo s i l t y  c la y  th a n  i n  loam , w h ereas  s t r a i n  
W9~202i.|. was more s u s c e p t ib l e  i n  c l a y  t h a n  i n  e i t h e r  loam o r  s a n d .  
Monroe was s i g n i f i c a n t l y  more s u s c e p t i b l e  i n  loam and sand  t h a n  
i n  Toledo s i l t y  c l a y .  Monroe was more r e s i s t a n t  th a n  e i t h e r  
E a r ly a n a  o r  s t r a i n  W9-202i|. i n  c l a y ,  loam , and s a n d .
The r e l a t i o n s h i p  o f  t h e  age o f  soybean  p l a n t s  and 
s u s c e p t i b i l i t y  t o  t h e  P h y to p h th o ra  s p e c i e s  was s t u d i e d .  Two-week 
old p l a n t s  o f  v a r i e t i e s  M o n r o e  an(j E a r ly a n a  and s t r a i n  W9 - 202I4. 
were t r a n s p l a n t e d  t o  P h y to p h th o r a - i n f e s t e d  s o i l .  Monroe was 
s i g n i f i c a n t l y  more r e s i s t a n t  th a n  e i t h e r  o f  t h e  o t h e r  v a r i e t i e s .  
The r a t e  o f  symptom developm ent was more r a p i d  i n  soybean  s t r a i n  
Y^9-202l(. t h a n  i n  E a r ly a n a .  The d i f f e r e n c e  i n  s u s c e p t i b i l i t y  
between E a r ly a n a  and W9-202i4 was n o t  s i g n i f i c a n t .
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The e f f e c t  o f s o i l  te m p e ra tu re s  on th e  p a th o g e n ic ity  
o f th e  P hy toph tho ra  s p e c ie s  was in v e s t ig a te d .  Monroe was 
s ig n i f i c a n t l y  more r e s i s t a n t  th a n  e i th e r  E arlyana  o r s t r a i n  
11/9-2021+ a t  s o i l  te m p e ra tu re s  o f I 50 an d 25° C . The d if f e r e n c e s  
in  s u s c e p t i b i l i t y  o f Monroe from  th e  o th e r  2 v a r i e t i e s  a t  35° ^ • 
were n o t s i g n i f i c a n t .  Monroe and Blackhawk were s ig n i f i c a n t ly  
more s u s c e p tib le  a t  35° th a n  a t  s o i l  te m p e ra tu re s  o f  I 50 and 25° C. 
Blackhawk was more r e s i s t a n t  th an  e i th e r  L in co ln  o r  Harosoy a t  
s o i l  te m p e ra tu re s  o f  15°» 25° ,  and 35° r e s p e c t iv e ly .
The r e la t io n s h ip  o f inoculum  c o n c e n tra tio n  and d is e a se  
in c id en ce  o f  soybean p la n ts  in  P h y to p h th o ra - in fe s te d  s o i l  was 
in v e s t ig a te d .  The per c e n t  o f  d ise a se d  p la n ts  in  in f e s te d  s o i l  
was a fu n c tio n  o f  th e  c o n c e n tra t io n  o f inoculum .
The e f f e c t  o f  o th e r  organism s on p a th o g e n ic i ty  o f th e  
P hytophthora sp e c ie s  was ev id en t in  a t e s t  in  w hich  s o i l  from  a 
soybean f i e l d ,  i n  w hich no ro o t  r o t  o c c u rre d , was u se d . The 
fungus was more v i r u l e n t  on soybean p la n ts  in  steam ed, P h y to p h th o ra-  
in f e s te d  s o i l  th a n  on th o se  p la n ts  growing in  non-steam ed s o i l ,  
in f e s te d  w i th  th e  fu n g u s .
S ig n i f i c a n t ly  le s s  d is e a s e  in c id en ce  o ccu rred  in  soybean 
p la n ts  grow ing in  steam ed s o i l  in f e s te d  w ith  b o th  P hy tophthora 
and Fusarium  th an  in  steam ed s o i l  in f e s te d  w ith  Phytophthora o n ly .
C lin to n  59 o a t3, Ranger a l f a l f a ,  Kenland re d  c lo v e r ,
Ohio 05]+ c o rn , Thorne w h ea t, and tim o thy  were no t s u s c e p t ib le  to  
th e  Phy t0p h th 0ra  s p e c ie s .  A crop r o t a t i o n  program , in  w hich soybeans
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do no t fo llo w  soybeans, should  be employed on lan d  where any 
t r a c e  o f  th e  d is e a s e  has a p p ea red .
Perhaps th e  most p r a c t i c a l  and econom ical c o n t ro l  i s  
th e  use o f r e s i s t a n t  soybean v a r i e t i e s .  Hawkeye, H arosoy, L in c o ln , 
and Monroe a re  th e  p re s e n t  recommended v a r i e t i e s  f o r  Ohio. Only 
Monroe i s  r e s i s t a n t  t o  th e  P hy toph tho ra  ro o t  r o t .  A lthough th e  
v a r i e ty  i s  no t on th e  recommended l i s t ,  la rg e  a c re a g e s  o f B lack­
hawk a re  p la n te d  in  th e  s t a t e .  Monroe and Blackhawk shou ld  be 
used  where t h i s  ro o t r o t  o f soybeans i s  s e v e re .
In  th e  f i e l d  t e s t ,  soybean s t r a i n s  and v a r i e t i e s  w ith  
a d is e a s e  index  o f 1 were c o n s id e re d  r e s i s t a n t .  In  some m a tu rity  
g roups, s t r a i n s  w ith  an  index  o f  2 , bu t w ith  low p e rcen tag e  o f 
t o t a l  d is e a s e  in c id e n c e , were c o n s id e re d  as  p o t e n t i a l  b reed in g  
m a te r ia l .  Of th e  95 soybean v a r i e t i e s  and s t r a in s  t e s t e d  i n  th e  
d is e a s e  n u rs e ry , only  a few were r e s i s t a n t .
Blackhawk, Monroe, and  C1109 o f m a tu r i ty  Group I  were 
r e s i s t a n t  to  th e  P hy toph thora  s p e c ie s .
I l l i n i  was th e  on ly  r e s i s t a n t  v a r ie ty  o f m a tu r ity
Group I I I .
In  th e  Advanced P re lim in a ry  g roup , soybean s t r a in s  
2J4.358, 22218, 22153, and 2ij.l57 were r e s i s t a n t .
Adams and s t r a i n  HI35OI m a tu r ity  Group I I  were 
m odera te ly  r e s i s t a n t  to  the Phy toph thora  sp e c ie s  w ith  t o t a l  
d is e a s e  in c id en ce s  o f 21)..7 and 27.1  p e r c e n t ,  r e s p e c t iv e ly .
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Comet, R e n v i l l e ,  and s t r a i n  W0S-3180 w i t h  t o t a l  d i s e a s e  
i n c i d e n c e s  o f  2 8 . 1 ,  30 . 6 ,  and 33 .8  p e r  c e n t  r e s p e c t i v e l y ,  were 
c o n s id e r e d  a s  m o d e ra te ly  r e s i s t a n t  members o f  m a t u r i t y  Group 0 .
No soybean  s t r a i n s  o r  v a r i e t i e s  o f  Group IV had a 
d i s e a s e  in d e x  l e s s  t h a n  3 0+1 t o  60 p e r  c e n t  o f  t h e  p l a n t s  
d i s e a s e d ) •
In  t h e  S t a t e  v a r i e t y  g ro u p ,  no soybean  v a r i e t i e s  o r  
s t r a i n s  were r e s i s t a n t .
OH-53, a  s e l e c t i o n  from  B avender,  made by t h e  w r i t e r ,  
was r e s i s t a n t  t o  t h i s  r o o t  r o t  o f  s o y b e a n s .
P l a n t i n g  d a te s  w h ich  ra n g e d  from May 26 t o  June 2 2 ,  had 
no e f f e c t  on d i s e a s e  in c id e n c e  o f  soybeans i n  th e  n u r s e r y  a t  
Oak H a rb o r ,  Ohio, i n  195^+«
No r e l a t i o n s h i p  be tw een  t h e  p e d ig r e e  o f  t h e  soybean 
v a r i e t i e s  and s u s c e p t i b i l i t y  t o  t h e  d i s e a s e  was e v i d e n t .
C ap tan  d i c h l o n e ,  t h i r a m ,  c h l o r a n i l ,  and C e r e s a n  M a t  
2 o z .  p e r  b u s h e l  w ere  i n e f f e c t i v e  when t r e a t e d - s p y b e a n  seeds  
w ere p l a n t e d  i n  s o i l  i n f e s t e d  w i th  P h y to p h th o r a .
A p p l i c a t i o n s  o f  200 and J4.OO pounds p e r  a c re  o f  0 -20 -20  
f e r t i l i s e r  w ere n o t  e f f e c t i v e  i n  c o n t r o l l i n g  t h e  P h y to p h th o ra  
r o c t  r o t  o f  so y b e an s .
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